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The  co-operation  and  assistance  of  farmers,  fruit  growers, 
horticulturists  and  all  interested,  directly  or  indirectly,  in 
agriculture,  are  earnestly  requested.  Communications  may 
be  addressed  to  the  "Hatch  Experiment  Station,  Amherst, 
Mass.'" 


4  HATCH   EXPERIMENT    STATION.  [Jan. 

The  following  bulletins  and  reports  are  still  in  stock  and 
can  be  furnished  on  demand  :  — 

No.  27.  Tuberculosis  in  college  herd  ;    tuberculin  in  diagnosis ; 

bovine  rabies ;  poisoning  by  nitrate  of  soda. 
No.  33.  Glossary  of  fodder  terms. 
No.  35.  Agricultural  value  of  bone  meal. 
No.  41.  On  the  use  of  tuberculin  (translated  from  Dr.  Bang). 
No.  54.  Fertilizer  analyses. 
No.  57.  Fertilizer  analyses. 
No.  64.  Analyses  of  concentrated  feed  stuffs. 
No.  67.  Grass  thrij^s;  treatment  for  thrips  in  greenhouses. 
No.  68.  Fertilizer  analyses. 
No.  69.  Rotting  of  greenhouse  lettuce. 
No.  70.  Fertilizer  analyses. 
No.  72.  Summer  forage  crops. 
No.  73.  Orchard    experiments ;     fertilizers    for   fruits ;    thinning 

fruits  ;  spraying  fruits. 
No.  75.  Fertilizer  analyses. 
No.  76.  The  imported  elm-leaf  beetle. 
No.  77.  Fertilizer  analyses. 
No.  78.  Concentrated  feed  stuffs. 
No.  79.  Growing  China  asters. 

No.  80.  Fungicides;  insecticides;  spraying  calendar. 
No.  81.  Fertilizer  analyses;  treatment  of  barnyard  manure  with 

absorbents  ;  trade  values  of  fertilizing  ingredients. 
No.  82.  Orchard  management;  cover  crops  in  orchards ;  pruning 

of  orchards  ;  report  on  fruits. 
No.  83.  Fertilizer  analyses. 
No.  84.  Fertilizer  analyses. 
Special  bulletin,  —  The  brown-tail  moth. 
Special  bulletin,  —  The  coccid  genera  Chionaspis  and  Hemichion- 

aspis. 
Index,  1888-95. 
Annual  reports  for  1897,  1898,  1899,  1900,  1901. 

Of  the  other  bulletins,  a  few  copies  remain ,  Avhich  can  be 
supplied  only  to  complete  sets  for  libraries. 

An  outline  of  the  more  important  work  undertaken  and 
the  results  secured  is  all  the  limits  of  our  space  will  allow. 
There  have  been  no  serious  outbreaks  of  insects  during  the 
year.  The  g3^psy  moth  and  brown-tail  moth  have  continued 
their  ravages,  while  the  elm-leaf  beetle  has  been  found  more 
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particularly  in  the  north-eastern  part  of  the  State.  Exten- 
sive experiments  on  the  best  methods  of  treatment  of  the 
San  Jose  scale  under  New  England  conditions  have  been 
carried  on.  Six  hundred  trees  have  been  under  observa- 
tion, and  the  results  of  different  treatment  have  been  veri- 
fied by  repeated  investigations.  A  bibliographical  catalogue 
of  all  the  scale  insects  of  the  world  is  about  completed  and 
will  soon  be  in  press. 

It  has  been  found  that  to  prevent  the  mildew  on  cucmn- 
bers  grown  under  glass  they  should  be  started  as  late  as 
possible  in  the  season,  and  that  a  dry  atmosphere  in  the 
house  would  largely  prevent  the  spread  of  mildew.  Apple- 
leaf  spots  were  found  not  to  be  due  to  a  fungus,  as  at  first 
supposed,  but  to  exposure  to  a  freezing  temperatm^e  and  to 
subsequent  cold,  wet  weather.  The  effect  of  spraying  for 
leaf  spot  on  linden  and  elm  has  been  very  marked,  the 
foliage  being  more  abundant  and  remaining  gTeen  longer. 
So  far  as  production  of  fruit  is  concerned,  the  experiment 
of  planting  cucumbers,  watermelons  and  tomatoes  on  the 
edge  of  fields  under  tent  cloth  has  proved  a  failure,  because 
no  provision  was  made  for  fertilizing  the  flowers.  For  ster- 
ilizing soil,  two-inch  pipe  with  three-sixteenths  or  one-fourth 
perforations  gives  better  results  than  one-inch  pipe.  Steril- 
ization of  soil  has  marked  beneficial  results  on  germination 
of  seeds  and  subsequent  growth  of  plants  ;  but  tomato  seeds 
seem  to  be  an  exception  to  this  rule. 

In  addition  to  the  regular  work  of  the  dairy  division,  with 
its  3,240  substances  analyzed,  2,344  pieces  of  glass  were 
tested  for  accui-acy.  Investigations  have  been  on  the  follow- 
ing lines  :  («)  examination  of  butter  fat  in  connection  with 
feeding  experiments,  to  note  the  effect  of  various  feed  con- 
stituents upon  its  character  ;  (b)  the  improvement  of  methods 
for  determination  of  the  pentosans  and  starch  in  feed  stuffs  ; 
(c)  determination  of  the  availability  of  organic  nitrogen  in 
fertilizing  materials  ;  (tZ)  to  ascertain  the  effect  of  two  dif- 
ferent milk-condensing  processes  on  the  nitrogenous  bodies 
of  milk.  The  pentosans  were  found  to  be  fully  as  digestible 
as  the  other  fodder  groups  in  case  of  upland  hays  and  most 
by-products,  but  rather  less  digestible   in   swale   hay,  salt 
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grasses  and  wheat  bran.  A  mixture  of  winter  wheat  and 
sand  or  hairy  vetch  was  found  to  be  an  early  and  desirable 
spring  green  fodder,  but  for  the  cost  of  vetch  seed. 

In  the  agricultural  division,  besides  a  carefully  planned 
series  of  experiments  to  throw  light  on  some  of  the  numer- 
ous conditions  determining  productiveness,  —  chiefly  as  af- 
fected by  difterent  manm"es  and  fertilizers,  either  alone  or 
in  a  wide  variet}^  of  combinations, — variety  tests  with  po- 
tatoes have  been  undertaken,  with  the  result  that  in  produc- 
tiveness the  following  varieties  stood  first  in  the  order  given  : 
Beauty  of  Hebron,  I.  X.  L.,  Steuben,  Earl}^  Nancy,  Million 
Dollar,  Ensign  Bagley,  Early  Rose,  Gem  of  Aroostook,  and 
Daughter  of  Early  Rose. 

The  details  of  the  experiments  thus  briefly  outlined  may 
be  found  in  the  reports  of  the  several  divisions  herewith 
submitted. 
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A^^UAL   REPORT 

Of  George  F.  Mills,  Treasurer  of  the  Hatch  Experiment  Station 
OF  Massachusetts  Agricultural  College, 

For  the  Year  ending  June  30,  1902. 


Cash  received  from  United  States  Treasurer, 


$15,000  00 


Cash  paid  for  salai'ies,          .... 

$7,366  88 

for  labor, 

2,224  12 

for  publications,  .... 

1,205  64 

for  postage  and  stationery. 

359  87 

for  freight  and  express, 

60  57 

for  heat,  light,  water  and  jjower. 

765  27 

for  seeds,  plants  and  sundry  supplies 

530  60 

for  fertilizers,      .... 

444  25 

for  feed  stuffs,      .... 

210  83 

for  library,  ..... 

140  63 

for  tools,  implements  and  machinery 

538  16 

for  furniture  and  fixtures,  . 

28  95 

for  scientific  apparatus, 

59  24 

for  live  stock,       .... 

410  93 

for  traveling  expenses, 

150  57 

for  contingent  expenses,     . 

131  15 

for  building  and  repairs,     . 

372  94 

$15,000  00 

Cash  received  from  State  Treasurer,   . 

$11,200  00 

from  fertilizer  fees. 

3,405  00 

from  farm  products, 

2,274  66 

from  miscellaneous  sources, . 

2,319  66 

$19,199  32 

Cash  paid  for  salaries, 

for  labor,      .... 

for  publications,  . 

for  postage  and  stationery, 

for  freight  and  express, 

for  heat,  light,  water  and  power 

Amount  carried  fonvard, 


.$11,966  73 

.      2,012 

21 

406 

36 

321 

22 

132 

93 

639 

40 

.$15,478  85 
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Amount  brought  forward,      .... 

115,478  85 

Cash  paid  for  chemical  supplies, 

354  53 

for  seeds,  plants  and  sundry  supplies, 

141  69 

for  fertilizers,      ..... 

428  05 

for  feed  stuffs, 

784  50 

for  library, 

143  87 

for  tools,  implements  and  machinery. 

87  05 

for  furniture  and  fi.xtures,  . 

16  40 

for  scientific  apparatus. 

443  97 

for  live  stock, 

253  09 

for  traveling  expenses. 

437  45 

for  contingent  expenses. 

114  05 

for  building  and  repairs,     . 

515  82 

$19,199  82 

I,  Charles  A.  Gleason,  duly  appointed  auditor  of  the  corporation,  do  hereby 
certify  that  I  have  examined  the  hooks  and  accounts  of  the  Hatch  Experiment 
Station  of  the  Massachusetts  Agricultural  College  for  the  fiscal  year  ending 
June  30,  1902;  that  I  have  found  the  books  well  kept  and  the  accounts  cor- 
rectly classified  as  above ;  and  that  the  receipts  for  the  year  are  shown  to  be 
$34,199.32,  and  the  corresponding  disbursements  $34,199.32.  All  the  proper 
vouchers  are  on  file.  These  have  been  examined  by  me  and  have  been  found 
to  be  correct,  there  being  no  balance  on  accounts  of  the  fiscal  year  ending  June 
30,  1902. 

CHARLES   A.   GLEASON, 

Auditor. 

Amherst,  Aug.  26,  1902. 
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KEPORT   OF   THE   CHEMIST. 


DIVISION     OF     FERTILIZERS     AND     FERTILIZER 
MATERIALS. 


CHARLES   A.   GOESSMANN. 

Assistants :  henri  d.  haskins,  james  e.  halligan,  daniel  l.  cleaves. 


Part     I.  —  Report  on  Official   Inspection   of   Commercial  Ferti- 
lizers. 
Part  II.  —  Report  on  General  Work  in  the  Chemical  Laboratory. 


Pakt  I.  —  Report  on  Official  Inspection  of 
Commercial  Fertilizers  and  Agricultural 
Chemicals  during  the  Season  of  1902. 


CHARLES   A.    GOESSMANN. 


The  total  number  of  manufacturers,  importers  and  dealers 
in  commercial  fertilizers  and  ao-ricultural  chemicals  who  have 
secured  licenses  during  the  past  season  is  64 ;  of  these,  37 
have  offices  for  the  o^eneral  distribution  of  then'  goods  in 
Massachusetts,  9  in  New  York,  8  in  Connecticut,  3  in  Ver- 
mont, 1  in  Rhode  Island,  3  in  Canada,  1  in  New  Jersey,  1 
in  Maryland,  1  in  Ohio  and  1  in  Illinois. 

Two  hundred  and  eighty-three  brands  of  fertilizer,  in- 
cluding chemicals,  have  been  licensed  in  the  State  during 
the  year.  Five  hundred  and  four  samples  of  fertilizers 
have  thus  far  been  collected  in  the  general  markets  by 
experienced  assistants  in  the  station. 

Four  hundred  and  fifty-one  samples  were  analyzed  at  the 
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close  of  November,  1902,  representing  two  hundred  and 
seventy-three  distinct  brands  of  fertilizer.  These  analyses 
were  published  in  two  bulletins  of  the  Hatch  Experiment 
Station  of  the  Massachusetts  Agricultural  College  :  No.  83, 
July  ;  and  No.  84,  November,  1902. 

From  the  above  statement  it  will  be  noticed  that  there  is 
a  marked  increase  in  the  amount  of  a\  ork  which  is  involved 
in  the  official  inspection  of  commercial  fertilizers  from  3  ear 
to  year.  Four  more  manufacturers  were  recorded  as  having 
secured  licenses  for  the  sale  of  their  goods  in  Massachusetts 
in  1902  than  in  the  preceding  year.  Seventeen  more  brands 
of  fertilizers  were  licensed  and  fifty-five  more  collected  dur- 
ing the  past  season  than  in  the  previous  year. 

Below  will  be  found  an  abstract  of  the  results  of  analyses 
of  official  commercial  fertilizers  for  the  years  1901  and 
1902  :  — 


(a)  Where  three  essential  elements  of  plant  food  were  guaranteed :  — 
Number  with  three  elciiieuts  equal  to  or  above  the  highest  guarantee 
Number  with  two  elements  above  the  highest  guarantee, 
Number  with  one  element  above  the  highest  guarantee,  ... 
Number  with  three  elements  between  the  lowest  and  highest  guarantee 
Number  with  two  elements  between  the  lowest  and  highest  guarantee 
Number  with  one  element  between  the  lowest  and  highest  guarantee, 
Number  with  three  elements  below  the  lowest  guarantee. 
Number  with  two  elements  below  the  lowest  guarantee, 
Number  with  one  element  below  the  lowest  guarantee,    . 

(t)  Where  two  essential  elements  of  plant  food  were  guaranteed :  — 
Number  with  two  elements  above  the  highest  guarantee. 
Number  with  one  element  above  the  highest  guarantee,  . 
Number  with  two  elements  between  the  lowest  and  highest  guarantee 
Number  with  one  element  between  the  lowest  and  highest  guarantee 
Number  with  two  elements  below  the  lowest  guarantee,  . 
Number  with  one  element  below  the  lowest  guarajatee,    . 

(c)  Where  one  essential  element  of  plant  food  was  guaranteed :  — 

Number  above  the  highest  guarantee 

Number  between  lowest  and  highest  guarantee,        .... 
Number  below  lowest  guarantee 


7 
15 
51 
142 
91 
39 

8 
8G 


7 
•iO 
83 
183 
87 
54 

3 
18 
67 

10 
22 
16 
13 
4 
19 


The  quality  of  our  commercial  fertilizers  for  the  past  year 
has  been  fully  as  good  as  in  the  ju'eceding  A^ears,  and,  with 
few  exceptions,  the  commercial  value  of  the  fertilizer  has 
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not  suflered  where  a  discrepancy  has  occurred  between  the 
results  of  analysis  and  the  manufacturer's  guarantee.  This 
Avould  indicate  that  it  was  the  manufacturer's  aim  to  furnish 
an  article  fully  equal  to  his  guarantee  of  composition,  and, 
where  a  difference  has  occurred  between  the  analysis  and 
guarantee,  that  poor  mixing  is  responsible  for  the  discrep- 
uncy.  It  is  self-evident  that  those  fertilizers  should  be 
selected  for  general  use  which  furnish  the  greatest  amount 
of  nitrogen,  potash  and  phosphoric  acid,  in  a  suitable  and 
available  form,  for  the  same  money. 


Trade  Values   of  Fertilizing   Ingredients   in   Raio  Materials  and 
Chemicals,  1901  and  1902  (Cents  per  Pound). 


1901. 


1903. 


Nitrogen  in  ammonia  salts, 

Nitrogen  in  nitrates, 

Organic  nitrogen  in  dry  and  fine-ground  fish,  meat,  blood  and  in  high- 
grade  mixed  fertilizers. 
Organic  nitrogen  in  fine  bone  and  tankage 

Organic  nitrogen  in  medium  bone  and  tankage,       ..... 

Phosphoric  acid  soluble  in  water, 

Phosphoric  acid  soluble  in  ammonium  citrate 

Phosplioric  acid  in  fine-ground  flah,  bone  and  tankage,  .... 

Phosphoric  acid  in  cotton-seed  meal,  castor  pomace  and  wood  ashes,  . 

Phosphoric  acid  in  coarse  flsb,  bone  and  tankage 

Phosphoric  acid  insoluble  (in  water  and  in  anmioiiium  citrate)  in  mi  xei  1 

fertilizers. 
Potash  as  sulfate  (free  from  chlorides), 

Potash  as  muriate, 


16.50 

14.00 

16.00 

16.00 

12.00 

5.00 

4.50 

4.00 

4.00 

3.00 

2.00 

5.00 

4.35 


16.50 
15.00 
16.50 
16.00 
12.00 
5.00 
4.50 
4.00 
4.00 
3.00 
2.00 
5.00 
4.25 


A  comparison  of  the  above  trade  values  for  1901  and 
1902  shows  that  the  market  cost  of  the  different  essential 
elements  of  plant  food  remains  the  same  as  in  1901,  with 
the  exception  of  nitrogen  in  form  of  nitrates  and  the  higher 
grades  of  organic  nitrogenous  fertilizing  materials,  which 
show  a  somewhat  higher  cost,  as  compared  with  the  pre- 
vious year. 

The  trade  values  of  fertilizing  ingredients  in  raw  materials 
and  chemicals  are  based  on  the  market  cost,  during  the  six 
months  preceding  March,   1902,  of  standard  raw  materials 
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which  enter  largely  into  the  manufacture  of  commercial  fer- 
tilizers found  in  our  markets.  The  following  is  a  partial 
list  of  such  materials  :  — 


Sulfate  of  ammonia. 
Nitrate  of  soda. 
Azotine. 
Dried  blood. 
Cotton-seed  meal. 
Linseed  meal. 
Bone  and  tankage. 
Castor  pomace. 
Dry  ground  fish. 
Dry  ground  meat. 


Dissolved  bones. 

Acid  pliosphate. 

Refuse  bone-ljlack. 

Ground  phosphate  rock. 

High-grade  sulfate  of  potash. 

Sulfate  of  potash  and  magnesia. 

Muriate  of  potash. 

Kainit. 

Sylvinite. 

Crude  saltpetre. 


As  definite  instructions  have  been  given  from  time  to  time 
regarding  the  calculation  of  the  approximate  commercial 
value  of  fertilizers,  no  attempt  is  here  made  for  the  discus- 
sion of  that  matter. 

Table  A,  following,  gives  the  average  analysis  of  officially 
collected  fertilizers  for  1902  ;  Table  B  gives  a  compilation 
of  analyses  of  commercial  fertilizers  for  the  year  1902,  show- 
ing the  maxinumi,  minimum  and  average  percentages  of  the 
different  essential  elements  of  plant  food  in  special  crop 
fei-tilizers,  so  called. 
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The  writer  wishes  to  call  special  attention  to  Table  B,  on 
the  preceding  page.  A  comparison  of  the  results  in  this 
compilation  of  analyses  of  so-called  special  crop  fertilizers 
reveals  a  wide  diflerence  between  the  maximum  and  mini- 
mum amount  of  nitrogen,  phosphoric  acid  and  potassimn 
oxide  claimed  and  found  in  the  different  brands  of  commer- 
cial fertilizers.  In  the  different  brands  of  tobacco  ferti- 
lizers, for  instance,  there  is  a  difference  of  4.92  between  the 
highest  and  lowest  percentage  of  nitrogen,  a  difference  of 
8.75  between  the  maximum  and  minimum  percentage  of 
available  phosphoric  acid,  and  a  difference  of  12.61  between 
the  mean  and  extreme  percentage  of  potassium  oxide  which 
was  found.  A  correspondingly  great  difference  will  be  ob- 
served between  the  maximum  and  minimum  percentages  of 
plant  food  found  in  the  several  special  crop  fertilizers  which 
have  been  compiled  in  the  table.  The  average  farmer  is 
apt  to  lay  too  much  stress  upon  the  trade  name  of  a  ferti- 
lizer, and  oftentimes  buys  an  inferior  article  when  guided 
wholly  by  the  name  under  which  it  is  sold. 

There  are  many  things  to  be  taken  into  consideration  in 
the  judicious  selection  of  a  fertilizer  for  growing  special 
crops.  The  physical  and  chemical  character  of  the  soil  and 
sub-soil,  the  previous  management  of  the  soil  and  the  system 
of  crop  rotation  employed  should  all  enter  into  consideration 
when  selecting  a  fertilizer.  A  study  of  the  soil  should  be 
made  by  simple  local  experiments  with  the  different  kinds 
and  forms  of  plant  food,  to  find  what  elements  have  become 
depleted  ;  when  these  facts  have  become  established,  then 
supply  the  wants  of  the  soil  in  the  most  suitable  and  eco- 
nomical manner.  When  the  character  of  a  soil  is  not  known 
and  its  wants  are  not  manifested,  it  is  advisable  to  use  a  fer- 
tilizer more  nearly  corresponding  to  what  a  chemical  analysis 
of  the  crop  show^s  is  required  for  its  proper  development. 
For  the  purpose  of  illustrating  how  the  chemical  composi- 
tion of  a  crop  may  serve  as  a  guide  in  the  compounding  of 
a  commercial  fertilizer,  an  example  is  here  inserted.  We 
find  the  average  analysis  of  potatoes  (see  compilation  of 
analyses  of  fruits,  garden  crops,  etc.,  in  annual  report  of 
this  department  for  the  year  1901)  is  as  follows  :  — 
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Pairs  per 
Thousand. 

Phosphoric  acid, .70 

Potassium  oxide,        . 2.90 

Nitrogen, 2.10 

The  relative  proportion  of  ])hosphoric  acid,  potassium 
oxide  and  nitrogen  present,  according  to  tliis  analysis, 
is  :  — 

Parts  per 
Thousand. 

Phosphoric  acid, 1 .  00 

Potassium  oxide, 4.10 

Nitrogen, .3.00 

In  other  words,  for  every  pound  of  j)hosphoric  acid  re- 
moved from  the  soil  by  a  crop  of  i)otatoes  there  are  4.1 
pounds  of  potassium  oxide  and  3  pounds  of  nitrogen  re- 
moved. A  fertilizer  supplying  the  essential  elements  of 
plant  food  in  this  proportion  would,  therefore,  under  the 
above-stated  conditions,  be  more  suitable  to  use,  as  far  as 
potassium  oxide  and  phosphoric  acid  are  concerned,  as  these 
elements  are  supplied  only  b}'  the  soil,  while  nitrogen  is 
supplied  in  part  by  atmospheric  sources. 


List  of  Manufacturers  and  Dealers  who  have  secured  Certificates 
for  the  Sale  of  Commercial  Fertilizers  in  the  State  during  the 
Past  Tear  {May  1,  1902,  to  May  1,  1903),  and  the  Brands 
licensed  by  Each. 


The  American  Agricultural  Chemical 
Co.,  Boston,  Mass. :  — 
Nitrate  of  Soda. 
Muriate  of  Potash. 
High-grade  Sulfate  of  Potash. 
Double  Manure  Salt. 
Dry  Ground  Fish. 
Fine-ground  Bone. 
Dissolved  Bone-black. 
Plain  Superpho.sphate. 
Sulfate  of  Ammonia. 
Kainit. 
High-grade  Fertilizer  with   Ten 

Per  Cent.  Potash. 
Tobacco  Starter  and  Grower. 

The  American  Agricultural  Chemical 
Co.  (Bradley  Fertilizer  Co., branch) . 
Bo.ston,  Mass. :  — 

Bradley's  X.  L.  Superphosphate. 

Bradley's  Potato  Manure. 

Bradley's  Potato  Fertilizer. 


The  American  Agricultural  Chemi- 
cal Co.  —  Con. 

Bradley's  Complete  Manure  for 
Potatoes  and  Vegetables. 

Bradley's  Corn  Phosphate. 

Bradley's  Eclipse  Phosphate. 

Bradley's  Niagara  Phosphate. 

Bradley's  English  Lawn  Ferti- 
liser. 

Bradley's  Comi)lete  Maniire  with 
Ten  Per  Cent.  Potash. 

Bradley's  Complete  Manure  for 
Corn  and  Grain. 

Bradley's  Complete  Manure  for 
Top-dressing  Grass  and  Grain. 

Bradley's  Grass  and  Lawn  Top- 
dressing. 

Breck's  Lawn  and  Garden  Dress- 
ing. 

Brinhtman's  Fish  and  Potash. 

Church's  Fish  and  Potash. 

Bradley'B  Seeding-down  Manure. 
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The  American  Agricultural  Chemical 
Co.  (Clark's  Cove  Fertilizer  Co., 
branch) ,  Boston,  Mass. :  — 

Clark's  Cove  Bay  State  Fertilizer. 

Clark's  Cove  Bay  State  Fertilizer, 
G.  G. 

Clark's  Cove  Potato  Manure. 

Clark's  Cove  Potato  Fertilizer. 

Clark's  Cove  Great  Planet  Manure. 

Clark's  Cove  King  Philip  Guano. 

The  American  Agricultural  Chemical 
Co.  (Crocker  Fertilizer  and  Chem- 
ical Co.,  branch) ,  Buffalo,  N.  Y. :  — 
Crocker's  Potato,   Hop  and    To- 
bacco Phosphate. 
Crocker's  Corn  Phosphate. 
Crocker's  New  Rival  Phosphate. 
Crocker's    General     Croj)     Phos- 
phate. 
Crocker's  A.  A.  Complete  Manure. 

The  American  Agricultural  Chemical 
Co.  (Cumberland  Bone  Phosphate 
Co.,  branch) ,  Boston,  Mass. :  — 

Cumberland  Superphosphate. 

Cumberland  Potato  Fertilizer. 

The  American  Agricultural  Chemical 
Co.  (L.  B.  Darling  Fertilizer  Co., 
branch) ,  Pawtucket,  R.  I. :  — 

Blood,  Bone  and  Potash. 

Potato  and  Root  Crop  Manure. 

Complete  Ten  Per  Cent.  Manure. 

Potato  Manure. 

Farm  Favorite. 

The  American  Agricultural  Chemical 
Co.  (H.  J.  Baker  &  Bro.,  branch). 
New  York,  N.  Y. :  — 

Baker's  Complete  Potato  Manure. 
Baker's  A.  A.  Ammoniated  Phos- 
phate. 

The  American  Agricultural  Chemical 
Co.  (Great  Eastern  Fertilizer  Co., 
branch) ,  Rutland,  Vt. :  — 

Northern  Corn  Special. 

Grass  and  Oats  Fertilizer. 

General  Fertilizer. 

Garden  Special. 

Vegetable  Vine  and  Tobacco. 

The  American  Agricultural  Chemical 
Co.  (Pacific  Guano  Co.,  branch), 
Boston,  Mass.:  — 

Pacific  High-grade  General. 

Soluble  Pacific  Guano. 

Pacific  Potato  Special. 

Pacific  Nobsque  Guano. 


The  American  Agricultural  Chemical 
Co.  (Packers'  Union  Fertilizer  Co., 
branch) ,  Rutland,  Vt. :  — 

Animal  Corn  Fertilizer. 

Potato  Manure. 

Universal  Fertilizer. 

Wheat,  Oats  and  Clover  Fertilizer. 

Gardener's  Complete  Manure. 

The  American  Agricultural  Chemical 
Co.  (Quinnipiac  Co.,  branch),  Bos- 
ton, Mass. :  — 
Quinnipiac  Onion  Manure. 
Quinnipiac  Phosphate. 
Quinnipiac  Potato  Manure. 
Quinnipiac  Corn  Manure. 
Quinnipiac    Market-garden    Ma- 
nure. 
Quinnipiac  Havana  Tobacco  Fer- 
tilizer. 
Quinnipiac  Climax  Phosphate. 
Quinnipiac  Potato  Phosphate. 
Quinnipiac  Dissolved  Bone. 

The  American  Agricultural  Chemical 
Co.   (Read  Fertilizer  Co.,  branch), 
New  York,  N.  Y. :  — 
Read's  Farmers'  Friend. 
Read's  Practical  Potato  Special. 
Read's  Vegetable  and  Vine. 
Read's       High-grade       Farmers' 

Friend. 
Read's  Standard. 

The  American  Agricultural  Chemi- 
cal Co.  (Standard  Fertilizer  Co., 
branch) ,  Boston,  Mass. :  — 

Standard  Fertilizer. 

Standard  Guano. 

Standard  Complete  Manure. 

Standard  Special  for  Potatoes. 

The  American  Agricultural  Chemical 
Co.  (Henry  F.  Tucker  Co.,  branch), 

Boston,  Mass. :  — 

Tiicker's  Original  Bay  State  Bone 
Superphosphate. 

Tucker's  Special  Potato  Ferti- 
lizer. 

The  American  Agricultural  Chemical 
Co.   (Williams  &  Clark  Fertilizer 
Co.,  branch) ,  Bo.ston,  Mass. :  — 
Williams  &  Clark's  High-grade 

Special. 
Williams    &    Clark's    Americus 

Phosphate. 
Williams  &  Clark's  Potato  Phos- 
phate. 
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The  American  Agricultural  Chemi- 
cal Co.  ^  Con. 

Williams  &  Clark's  Corn  Phos- 
phate. 

Williams  &  Clark's  Potato  Ma- 
nure. 

Williams  &  Clark's  Royal  Bone 
Phosphate. 

Williams  &  Clark's  Prolific  Crop 
Producer. 

The  American  Agricultural  Chemical 
Co.(M.  E.  Wheeler  &  Co.,  branch), 
Rutland,  Vt. :  — 

Corn  Fertilizer. 

Potato  Maniire. 

Superior  Truck  Fertilizer. 

Bermuda  Onion  Grower. 

Grass  and  Oats  Fertilizer. 

Havana  Tobacco  Fertilizer. 

W.  H.  Abbott,  Holyoke,  Mass. :  — 
Animal  Fertilizer. 
Eagle  Brand. 
Tobacco  Fertilizer. 

The  Abbott  &  Martin  Rendering  Co., 
Columbus,  Ohio:  — 
Abbott's    Tobacco     and     Potato 
Special. 

The  American  Cotton  Oil  Co.,  New 
York,  N.  Y. :  — 
Cotton-seed  Meal. 
Cotton-seed  Hull  Ashes. 

American   Linseed    Co.,  New   York, 
N.  Y.:  — 
Cleveland  Flax  Meal. 

Armour  Fertilizer  Works,  Baltimore, 
Md.:  — 
Blood,  Bone  and  Potash. 
Aramoniated  Bone  with  Potash. 
Grain  Grower. 
All  Soluble. 
High-grade  Potato. 
Bone  Meal. 

H.  J.  Baker  &  Bro.,  New  York, 
N.  Y.:  — 

Castor  Pomace. 

Bartlftt      &     Holmes,      Springfield, 
Mass. :  — 
Animal  Fertilizer. 
Pure  Ground  Bone. 
Tankage. 


Berkshire        Fertilizer        Company, 
Bridgeport,  Conn. :  — 
Berkshire  Complete  Fertilizer. 
Berkshire      Ammoniated      Bone 

Phosphate. 
Berkshire  Potato  and  Vegetable 
Phosphate. 

Joseph  Breck&  Sons,  Boston,  Mass. :  — 
Breck's  Market  Garden  Manure. 

Bowker  Fertilizer  Co.,  Boston, 
Mass. :  — 

Stockbridge  Special  Manures. 

Bowker's  Hill  and  Drill  Phos- 
phate. 

Bowker's  Farm  and  Garden  Phos- 
phate, 

Bowker's  Lawn  and  Garden  Dress- 
ing. 

Bowker's  Potato  and  Vegetable 
Fertilizer. 

Bowker's  Fish  and  Potash 
"  Square  Brand." 

Bowker's  Potato  Phosphate. 

Bowker's  Sure  Crop  Phosphate. 

Bowker's  High-grade  Fertilizer. 

Bowker's  Bone  and  Wood  Ash 
Fertilizer. 

Bowker's  Superphosphate. 

Bowker's  Ground  Bone. 

Gloucester  Fish  and  Potash. 

Dissolved  Bone-black. 

Nitrate  of  Soda. 

Muriate  of  Potash. 

Sulfate  of  Potash. 

Dried  Blood. 

Wood  Ashes. 

Fine  Dry  Ground  Fish. 

Bone,  Blood  and  Potash. 

Fish  and  Potash  D  Brand. 

Bristol  Fish  and  Potash. 

Corn  Phosphate. 

Tobacco  Ash  Elements. 

Early  Potato  Manure. 

Sulfate  of  Ammonia. 

Butchers'  Rendering  Co.,  Fall  River, 
Mass. :  — 
Tankage. 

Chas.  M.  Cox  &  Co.,  Boston,  Mass. :  — 
Cotton-seed  Meal. 

E.  Frank  Coe  Co.,  New  York,  N.  Y. :  — 
E.  Frank  Coe's  High-grade  Am- 
moniated Bone  Superphosphate. 
E.  Frank  Coe's  Gold  Brand  Ex- 
celsior Guano, 
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E.  Frank  Coe  Co.  —  Con. 

E.  Frank  Coe's  Tobacco  and  Onion 
Fertilizer. 

E.  Frank  Coe's  Bay  State  Phos- 
phate. 

E.  Frank  Coe's  F.  P.  Fish  and 
Potash. 

American  Farmers'  Market  Gar- 
den Special. 

American  Farmers'  Complete  Po- 
tato. 

American  Farmers'  Corn  King. 

Excelsior  Potato  Fertilizer. 

Columbian  Corn  Fertilizer. 

Columbian  Potato  Fertilizer. 

New  Englander  Corn  Fertilizer. 

New  Englander  Potato  Fertilizer. 

Columbian  Bone  Superphosphate. 

X.  X.  X.  Ground  Bone. 

Red  Brand  Excelsior  Guano. 

John  C.  Dow  &  Co.,  Boston,  Mass. :  — 
Dow's  Pure  Ground  Bone. 

Eastern       Chemical      Co.,      Boston, 
Mass. :  — 
Imperial  Liquid  Plant  Food. 
Imperial  Liquid  Grass  Fertilizer. 

Wm.  E.  Fyfe  &  Co.,  Clinton,  Mass. :  — 
Canada     Un  leached     Hard-wood 
Ashes. 

R.   &   J.   Farquhar   &    Co.,    Boston, 
Mass. :  — 

Clay's  London  Fertilizer. 

Thomas  Hersom  &  Co.,  New  Bedford, 
Mass. :  — 
Meat  and  Bone. 
Bone  Meal. 

F.  E.  Hancock,  Walkerton,  Ontario, 
Can.:  — 
Pure       Unleached        Hard-wood 
Ashes. 

The    Hardy  Packing    Co.,    Chicago, 
111.:  — 
Hardy's  Tankage,  Bone  and  Pot- 
ash. 
Hardy's  Tobacco  and  Potato  Spe- 
cial. 
Hardy's  Complete  Manure. 

C.     W.     Hastings,     Cambridgeport, 
Mass. :  — 
Ferti  Flora. 


John  Joynt,  Lucknow,  Can. :  — 

Pure    Canada    Unleached    Hard- 
wood Ashes. 

Thomas    Kirley    &    Co.'s    Fertilizer 
Works,  South  Hadley  Falls,  Mass.:  — 
Pride  of  the  Valley. 

Lister's       Agricultural         Chemical 
Works,  Newark,  N.  J. :  — 
Lister's  Success  Fertilizer. 
Lister's  Special  Corn  and  Potato 

Fertilizer. 
Lister's   High-grade   Special    for 

Spring  Crops. 
Lister's  Animal  Bone  and  Potash. 

Lowell  Fertilizer  Co.,  Boston,  Mass. :  — 
Swift's  Lowell  Bone  Fertilizer. 
Swift's  Lowell  Potato  Phosphate. 
Swift's  Lowell  Market  Garden. 
Swift's  Lowell  Tobacco  Manure. 
Swift's  Lowell  Potato  Manure. 
Swift's  Lowell  Antmal  Brand. 
Swift's  Lowell  Fruit  and  Vine. 
Swift's    Lowell    Dissolved    Bone 

and  Potash. 
Swift's  Lowell  Ground  Bone. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Swift's  Lowell  Lawn  Dressing. 
Acid  Phosphate. 

McQuade       Bros.,      West      Auburn, 
Mass. :  — 
Ground  Bone. 

Geo.  L.  Munroe,  Oswego,  N.  Y.:  — 
Pure    Canada    Unleached    Hard- 
wood Ashes. 

Mapes  Formula  and  Peruvian  Guano 
Co.,  New  York,  N.  Y.:  — 
Potato  Manure. 
Tobacco  Starter  improved. 
Tobacco  Manure  W  rapper  Brand. 
Fruit  and  Vine  Manure. 
Economical  Potato  Manure. 
Average  Soil  Complete  Manure. 
Vegetable   Manure  or    Complete 

Manure  for  Light  Soils. 
Corn  Manure. 

Complete  Manure  "A"  Brand. 
Cereal  Brand. 
Complete  Manure  Ten  Per  Cent. 

Potash. 
Complete    Manure    for    General 

Use. 
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Mapes  Formula  and  Peruvian  Guano 
Co.  —  Con. 
Cauliflower  and  Cabbage  Manure. 
Lawn  Top-dressing. 
Grass    and    Grain     Spring    Top- 
dressing. 
Top-dressing  imiiroved,  Oue-luilf 
Strength. 

National  Fertilizer  Co.,  Bridgeport, 
Conn. :  — 
Chittenden's  Complete  Fertilizer. 
Chittenden's  Market  Garden. 
Chittenden's  Potato  Phosphate. 
Chittenden's  Fish  and  Potash. 
Chittenden's  Ammoniated  Bone. 
Chittenden's      Universal      Phos- 
phate. 

New  Bedford  Prodvict  Co.,  New  Bed- 
ford, Mass. :  — 
Tankage. 

New  England  Fertilizer  Co.,  Boston, 
Mass. :  — 
Corn  Phosphate. 
Potato  Fertilizer. 
Seeding-down  Fertilizer. 

Olds  i&  Whipple,  Hartford,  Conn. :  — 
Complete  Tobacco  Fertilizer. 
Vegetable  Potash. 

Parmonter  &  Polsey  Fertilizer  Co., 
Peabody,  Mass. :  — 
Plymouth  Rock  Brand. 
Special  Potato. 
Star  Brand. 
P.  &  P.  Potato. 
A.  A.  Brand. 
Pure  Ground  Bone. 
Nitrate  of  Soda. 
Muriate  of  Potash. 

Benjamin  Randall,  Boston,  Mass.:  — 
Market  Garden. 
Farm  and  Field. 

Rogers  &  Hubbard  Co.,  Middlctown, 
Conn. :  — 
Hubbard's    Pure    Raw    Knuckle 

Bone  F'lour. 
Hubbard's    Strictly    Pure    Fine 
Bone. 


Rogers  &  Hubbard  Co. —  Con. 

Hubbard's  Oats  and  Top-dressing. 

Hubbard's  Soluble  Potato  Ma- 
nure. 

Hubbard's  Corn  and  General 
Crops. 

Hubbard's  Soluble  Tobacco  Ma- 
nure. 

Hubbard's  Grass  and  Grain  Fer- 
tilizer. 

Hubbard's  All  Soils  and  All 
Crops  Fertilizer. 

Hubbard's  Potato  Phosphate. 

Hubbard's  Corn  Phosphate. 

Hubbard's  '02  Top-dressing  Phos- 
phate. 


Rogers  Manufacturing  Co.,  Rockfall, 
Conn.:  — 
All  Round  Fertilizer. 
Complete  Potato  and  Vegetable. 
Complete  Corn  and  Onion. 
Complete  Fish  and  Potash. 
High-grade  Grass  and  Grain. 
High-grade  Tobacco  and  Potato, 
High-grade  Oats  and   Top-dress- 
ing. 
High-grade  Soluble  Tobacco. 
Pure  Fine  Ground  Bone. 


Russia  Cement  Co.,  Gloucester, 
Mass. :  — 

Essex  Dry  Ground  Fish. 

Essex  Complete  Manure  for  Po- 
tatoes, Roots  and  Vegetables. 

Essex  Comjilete  Manure  for  Corn, 
Grain  and  Grass. 

Essex  Market  Garden  and  Potato 
Manure. 

Essex  A.  L.  Superphosphate. 

Essex  X.  X.  X.  Fish  and  Potash. 

Essex  Odorless  Lawn  Dressing. 

Essex  Special  Tobacco  Manure. 

Essex  Tobacco  Starter. 

Essex  Corn  Fertilizer. 


Chas.     Stevens,     Napanee,    Ontario, 
Can. :  — 
Beaver  Brand  Ashes. 


Salisbury  Cutlery  Handle  Co.,  Salis- 
bury, Conn. :  — 
Fine  Boue. 
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Sanderson's  Fertilizer  and  Chemical 
Co.,  New  Haven,  Conn. :  — 
Sanderson's  Old  Reliable. 
Sanderson's  Formula  A. 
Sanderson's  Formula  B. 
Sulfate  of  Potash. 

Thomas      L.      Stetson,       Randolph, 
Mass. :  — 
Bone  Meal. 

J.  Stroup  Son  &  Co.,  Boston,  Mass. :  — 
Canada     Hard- wood     Un  leached 
Wood  Ashes. 

Jas.  P.  Trainor,  Jamesville,  Mass. :  — 
Pure  Ground  Bone. 

Darius  Whithed,  Lowell,  Mass.:  — 
Champion  Animal  Fertilizer. 
Plour  of  Bone. 


The  Whitman  &  Pratt  Rendering  Co., 
Lowell,  Mass. :  — 

Whitman      &      Pratt's        Potato 

Plowman. 
Whitman  &  Pratt's  Corn  Success. 
Whitman  &  Pratt's  Pure  Ground 
Bone. 

Wilcox    Fertilizer    Works,    Mystic, 
Conn. :  — 
Comi)lete  Bone  Superphcsphate. 
Potato  Manure. 
Fish  and  Potash. 
High-grade  Tobacco  Fertilizer. 
Dry  Ground  Fish. 

Sanford  Winter,  Brockton,  Mass.:  — 
Pure  Fine-ground  Bone. 

J.  M.  Woodard  &  Bro.,  Greenfield, 

Mass. :  — 
Tankage. 
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Part   II.  —  Report   on^  General  Work  in  the 
Chemical  Laboratory. 


CHARLES    A.    GOESSMANN. 


1.  Analysis  of  materials  sent  ou  for  examination. 

2.  Notes  on  wood  ashes. 


1.     Analysis  of  Materials  sent  on  for  Examination. 

During  the  season  of  1902,  2'!  7  samples  of  fertilizing 
materials,  soils,  etc.,  have  been  received  from  farmers  within 
cm*  State.  The  results  of  analysis  of  these  substances  have 
been  published,  when  deemed  of  importance  to  the  genera^l 
public,  in  three  bulletins:  No.  81,  March;  No.  83,  July ; 
and  No.  84,  November,  1902,  of  the  Hatch  Experiment 
Station  of  the  Massachusetts  Aoricultural  Colleo-e. 

Nearly  every  manufacturing  industry  has  its  by-products, 
which  have  often  a  distinct  value  for  manurial  purposes. 
The  use  of  this  class  of  materials  has  been  encourao'ed  when- 
ever  the  chemical  analysis  of  the  same  proves  them  to  be  of 
sufficient  value  to  merit  their  use.  The  investigation  of 
general  fertilizing  material  of  this  nature  is  carried  on  free 
of  charge  to  farmers  in  the  State  ;  the  material  is  taken  up 
for  analysis  in  the  order  of  arrival  of  samples  at  this  office. 
We  have  advised  farmers  to  send  material  for  free  analysis 
as  early  in  the  season  as  possible,  as  work  of  this  natiu'e  has 
to  be  suspended  during  the  rush  of  official  inspection  Avork 
during  the  spring  and  summer  months.  Following  is  a  list 
of  materials  received  during  the  past  season  :  — 


Wood  ashes,    . 

.     52 

Dry  ground  fish, 

.     10 

Miscellaneous  material,  . 

.     25 

Ground  bones. 

0 

Soils,         .... 

.     35 

Onions 

.       8 

Complete  fertilizers, 

.     22 

Natural  phosphates, 

.      6 
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Cotton-seed  meal,    . 

.      4 

Castor  pomace. 

Horn  dust, 
Mill  waste, 
Wool  waste,     . 

.       3 
.       2 
.       3 

Sulfate  of  potash,     . 
Hemp  ashes,    . 
Air-slaked  lime. 

Sheep  manure, 

2 

Nitre  lime, 

Tankage, . 

2 

Nitrate  of  soda. 

Barnyard  manui'e,   . 

.       2 

Low-grade  sulfate  of  potash, 

Acid  phosphate. 

2 

Dissolved  bone-black, 

Carbonate  of  potash. 
Lime  ashes, 

.       2 
2 

Muriate  of  potash,  . 
Sulfate  of  ammonia, 

Paris  green. 

Mold  from  compost  pile. 

Basic  slag. 

Waste  ashes,    . 

Pulverized  rock  weed, 

Burned  bone,    . 

Coral  formation. 

Turf,         .... 

Leaf  mold. 

Tan-bark  ashes, 

Peat, 

Vegetable  potash,    . 
Tobacco  stalks. 
Cotton-hull  ashes,    . 
Celery  plant,    . 

Brick-yard  ashes,     . 
Sizing  paste,    . 
Sewage,   .... 
Acetylene  tank  refuse,     . 

As  in  the  past,  we  have  collected  and  analyzed  samples 
of  Paris  green  and  other  insecticides  found  in  our  general 
markets.  The  analysis  of  these  materials  will  be  found  in 
oui'  March  bulletin,  No.  81,  for  1902. 

We  have  been  eno-ag-ed  in  work  for  the  Association 
of  Official  Agricultural  Chemists,  to  assist  in  the  selection 
of  the  best  methods  of  analysis  of  insecticides,  etc.,  and 
have  taken  up  co-operation  work  for  the  association  on 
new  methods  of  potash  determination.  The  results  of  this 
work  do  not  appear  in  our  publications,  the  work  being  of 
technical  nature,  and  of  value  only  to  the  Association  of 
Official  Agricultural  Chemists  in  the  establishment  of  new 
methods  of  analysis. 

We  are  constantly  occupied  with  investigations  of  new 
methods  for  the  determination  of  the  available  plant  food  in 
soils,  and  new  and  improved  methods  for  the  ash  analysis  of 
plants,  and  have  been  to  considerable  expense  in  procuring 
the  equipment  for  the  latter  work,  being  obliged  to  import 
most  of  the  apparatus  from  Germany.     The  equipment  con- 
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sists  of  a  power  mill  (^Kugelmuhle)  to  be  used  in  the  prepa- 
ration of  the  plant  for  analysis,  and  which  eliminates  all 
danger  of  the  contamination  of  the  sample  with  iron  or 
other  metallic  substances,  the  grinding  being  accomplished 
by  means  of  porcelain  balls  revolving  within  a  tightly  sealed 
porcelain  vessel.  In  this  connection  we  have  imported 
suitable  platinum  apparatus,  recommended  by  AVislicenus, 
Tollens  and  others,  for  the  purpose  of  securing  the  ashes  of 
plants  at  a  low  temperature  ;  its  structure  being  such  as  to 
eliminate  all  danger  of  the  volatilization  of  potash,  soda, 
phosphoric  acid  and  other  mineral  constituents  of  plants. 
Attention  has  also  been  directed  to  the  investigation  of 
the  available  phosphoric  acid  in  natural  phosphates.  The 
results  of  investigations  above  mentioned  will  be  published 
from  time  to  time,  whenever  the  results  prove  of  general 
interest  and  value  to  the  public. 

2.     Notes  o^  Wood  Ashes. 
During  the  season  of  1902,  24  per  cent,  of  the  materials 
forwarded  for  analysis  consisted  of  wood  ashes.     The  fol- 
lowing table  shows  their  general  chemical  character  :  — 


Analysis  of  Wood  Ashes 
Moisture  below  1  percent.,  . 
Moisture  fi'om  1  to  10  per  cent.,    . 
Moisture  from  10  to  20  per  cent.,  . 
Moisture  from  20  to  30  per  cent., . 
Potassium  oxide  from  7  to  8  per  cent., 
Potassium  oxide  from  6  to  7  per  cent, 
Potassium  oxide  from  f)  to  6  per  cent.. 
Potassium  oxide  from  4  to  5  per  cent., 
Potassium  oxide  from  3  to  4  per  cent., 
Potassium  oxide  below  3  per  cent., 
Phosphoric  acid  from  1  to  2  per  cent.,  . 
Phosphoric  acid  below  1  per  cent.. 
Average  per  cent,  of  calcium  oxide  (lime), 
Insoluble  matter  below  10  per  cent.,    , 
Insoluble  matter  between  10  and  15  per  cent, 
Insoluble  matter  between  15  and  20  per  cent. 
Insoluble  matter  above  20  per  cent,     . 


Number  of 
Samples. 

2 
18 
22 

6 

4 

8 
21 
12 

2 

1 
46 

2 
32.18 
15 
17 
18  • 

3 


The  average  standard  of  this  class  of  materials  remains 
about  the  same  as  in  previous  years. 
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Farmers  have  been  advised  to  patronize  dealers  and  im- 
porters of  wood  ashes  who  are  on  record  at  our  institution 
as  having  complied  with  our  State  laws  and  secured  licenses 
for  the  sale  of  their  article  in  Massachusetts,  for  only  in 
such  cases  is  a  protection  by  our  State  laws  possible.  We 
have  also  urged  them  to  state  in  every  case  the  particular 
source  from  which  the  materials  forwarded  for  free  analysis 
have  been  derived. 
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REPORT   OF   THE   HORTICULTURIST. 


F.    A.    WAUGH. 


During  the  year  the  work  of  the  division  of  horticulture 
has  been  extensively  reorganized.  These  changes  have  been 
necessitated  partly  by  new  conditions  and  partly  by  a  change 
in  the  administration  of  the  division.  The  principal  inno- 
vations are  three,  as  follows  :  — 

1.  The  abandonment  of  miscellaneous  variety  tests,  and 
the  substitution,  in  their  place,  of  systematic  studies  of 
varieties  from  all  somx'es  and  under  all  conditions. 

2.  The  establishment  of  definite  lines  of  experiment 
designed  to  develop  the  principles  underlying  the  practice 
of  fruit  and  vegetable  culture. 

8.  The  opening  of  an  extensive  system  of  permanent 
records,  which  are  expected  to  hold  t(jgether  the  work  of 
successive  years,  to  assist  in  the  interpretation  of  current 
observations  by  offering  a  comparison  with  previous  results, 
to  make  possible  the  accumulation  of  comparable  data  through 
a  period  of  years,  to  make  the  results  of  experiments  at  all 
times  available,  and,  in  general,  to  secm'e  definiteness  of 
aim,  clearness  of  interpretation  and  consectivity  of  work  in 
all  the  experimental  operations  of  the  division. 

There  is  no  need  of  publishing  at  this  time  a  full  pro- 
gramme of  the  experimental  w^ork  already  determined  on. 
It  may  be  proper  to  say,  however,  tliat  the  work  is  })laiined 
to  cover  certain  important  practical  problems  in  the  propa- 
gation and  cultivation  of  orchard  fridts,  particularly  apples, 
peaches  and  plums,  and  similar  investigations  in  the  culture 
of  small  fruits  and  veo-etables. 

As  has  been  the  practice  hitherto,  every  effort  will  be  made 
to  furnish  prompt  and  reliable  information  in  response  to  the 
many  inquiries  which  are  sent  in  from  day  to  day. 
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KEPORT   OF   THE    BOTANISTS. 


GEORGE   E.  STONE,    RALPH    E.   SMITH. 


Plant  Diseases  in   1902. 
Diseases  affecting  cultivated  plants  have,  as  usual,  caused 
more  or  less  damage  during  the  past  season.     The  following 
pages  describe  briefly  the  occurrence  of  the  most  important. 

Peach-leaf  Curl  [Exoascus  defoi^mans) . 
This  fungus  was  rather  more  prevalent  than  usual  early  in 
the  season.  Its  effects  were  most  noticeable  upon  young- 
trees,  particularly  upon  Elberta  and  Crosby,  these  varieties 
being  attacked  to  the  exclusion  of  others  in  the  same  orchards. 
Though  very  destructive  in  many  portions  of  the  country,  it 
is  not  commonly  a  serious  one  in  Massachusetts. 

Apple-leaf  Spot. 
One  of  the  most  noticeable  troubles  of  the  season  has 
been  the  injury  to  apple  foliage  caused  by  frost,  which  is 
described  elsewhere  in  this  report.  Many  trees,  after  the 
spotting  and  j^ellowing  of  the  leaves  early  in  the  season, 
were  quite  denuded  by  midsummer.  Well-cared-for  trees 
were  not  often  aftected,  so  that  the  actual  damage  from  this 
som'ce  was  probably  very  slight. 

Sycamore  Blight  {Gloeosporimn  nervisequum) . 
This  disease  was,  as  usual,  very  severe,  causing  the  fall 
of  almost  all  the  leaves  on  sycamore  trees  during  June  and 
July. 

Straicberry  Root  Rot. 

This  apparently  new  trouble  of  the  strawberry  plant  (see 
p.  34)  was  much  complained  of  in  new  beds  set  out  this 
season. 
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Apple  Scab  {Fusicladium  dendriticum.) . 
Both  early  and  late  apples  were  badly  affected  by  scab 
during  the  year,  except  on  high  ground. 

Cucumber  Wilt. 
This  bacterial  disease  was  more  prevalent  than  ever  before 
in  large  cucumber  fields,  and  is  evidently  on  the  increase, 
though  no  great  damage  resulted  this  year. 

Sweet  Pea  Troubles. 
The  cool,  moist  summer  proved  very  favorable  to  the 
growth  of  this  plant,  and  nmch  less  trouble  than  for  several 
years  was  experienced  by  large  growers.  The  "shelling" 
of  the  buds  and  blossoms,  brought  on  by  close,  muggy 
weather,  occurred  somewhat ;  but  the  blight  of  the  vines, 
so  common  and  destructive  of  late,  appeared  very  little  this 
season. 

Aster  Diseases. 

The  ' '  yellow "  disease  of  this  plant  was  noticeably  less 
abundant  than  usual  this  year,  its  prevalence  being  evi- 
dently influenced  by  the  character  of  the  season.  The  wilt 
or  stem  rot  proved  very  destructive  in  many  plants  started 
in  the  greenhouse,  while  those  grown  entirely  out  of  doors 
were  comparatively  free  from  its  attack. 

Potato  Blight  {Phytophtliora  infestans) . 
This  disease  came  on  somewhat  later  than  usual,  being 
retarded  by  cool  weather  early  in  August.     It  soon  became 
prevalent,  however,  and  rotting  of  the  tubers  was  unusually 
severe,  the  crop  being  greatly  diminished. 

Cucumber  and  Melon  Diseases. 
These  plants  suftered  greatly  during  the  season  from  a 
variety  of  causes,  chief  among  which  was  the  downy  mildew 
(Plasmqpara  cubensis),  the  uimsual  prevalence  of  which  is 
described  more  fully  elsewhere  in  this  report.  The  Alter- 
naria  disease  and  anthracnose  were  also  connuon.  Musk- 
melons  were  a  total  failure  everywhere,  and  cucumbers  were 
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considerably  injured.  The  cold,  wet  season  proved  very 
unfavorable  to  the  melon  crop,  so  that  the  vines  readily 
succumbed  to  disease. 

Asparagus  Hust  (^Puccinia  Asparagi) . 
Asparagus  plants  were  affected  by  rust  much  less  than  in 
previous  years,  demonstrating  the  influence  of  conditions  of 
weather  upon  this  disease. 

Chrysanthemum  Rust  (Puccinia  Hieracii). 
The  destructiveness  of  this  disease,  which  has  seriously 
threatened    the    chrysanthemum,     is    evidently    declining. 
Cases  of  its  occurrence   have  been  very  few  this  season, 
and  no  serious  damage  has  been  evident. 

,  The   Cucumber  Mildew  in  Massachusetts  (Plasmopara 
Cubensis  (B.  &  C.)  Humph.). 

The  general  occurrence  of  this  disease  during  the  past 
season  upon  cucumbers  and  melons  calls  attention  to  its 
peculiar  history  in  this  State.  The  fungus  was  described 
from  Cuba  many  years  ago,  but  was  discovered  in  this 
country  in  1889,  when  it  appeared  in  Massachusetts,  New 
Jersey  and  other  States  at  about  the  same  time.  In  the 
report  of  the  Massachusetts  Experiment  Station  for  1889, 
Dr.  Humplirey,  then  of  this  division,  noted  the  occurrence 
of  the  disease,  calling  attention  to  the  serious  damage  which 
its  general  distribution  might  cause.  In  subsequent  years 
this  mildew  became  very  prevalent  throughout  the  southern 
and  middle  States,  causing  great  damage  each  year  to  cu- 
cumbers and  melons  as  far  north  as  Long  Island,  but  not  in 
New  England.  From  this  limited  distribution  it  appeared 
that  the  fungus  required  a  somewhat  warmer  climate  than 
ours  for  its  normal  development. 

In  the  autumn  of  1900  the  downy  mildew  appeared  again 
in  this  State,  being  found  upon  greenhouse  cucumbers  in  two 
difierent  localities,  as  noted  in  the  report  of  this  division  for 
that  year.  These  were  the  only  cases  known  at  that  time. 
The  next  season  the  muskmelon  crop  all  over  the  State  was 
quite  generally  affected  and  destroyed  by  this  fungus,  which 
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also  occurred  abundantly  upon  greenhouse  cucumbers,  but 
was  not  observed  upon  the  latter  plant  when  grown  out  of 
doors.  During  the  past  season  (1902)  muskmelons  have 
been  almost  a  total  failure  from  this  cause  ;  and  cucumbers, 
both  in  and  out  of  doors,  have  been  generally  affected,  the 
fungus  being  abundant  everj^where  upon  these  two  plants. 

Thus  it  appears  that  for  the  past  three  years  this  fungus 
has  been  steadily  increasing  in  its  distribution.  Its  most 
serious  eff^ects  in  this  State  have  been  upon  the  muskmelon. 
Scarcely  a  single  melon  was  obtained  this  year  by  most  of 
the  groAvers,  the  vines  being  killed  completely  within  a  few 
days'  time.  Experiments  in  spraying,  made  in  co-operation 
with  this  division  in  several  different  places,  have  shown 
but  little  gain.  It  seems  quite  evident,  in  fact,  that  so  long 
as  this  disease  continues  to  prevail  the  muskmeloft  cannot  be 
grown  in  Massachusetts.  The  plant  is  not  naturally  adapted 
to  our  climate,  and  succeeds  at  best  onl}-  in  ftivored  localities. 
When  attacked  by  disease  it  succumbs  very  easil}^  especially 
in  such  an  unfavorable  season  as  the  past  one  has  been. 

Upon  the  cucumber,  the  disease,  while  general,  is  as  yet 
by  no  means  as  serious.  Out-of-door  fields  showed  the 
fungus  everywhere  this  year,  but  the  vines  remained  alive 
for  some  time,  and  the  yield  did  not  appear  to  be  seriously 
diminished.     This,  however,  is  but  one  year's  experience. 

The  effect  of  this  disease  upon  greenhouse  cucumbers  is 
perhaps  the  most  important  consideration  of  the  whole  sub- 
ject. Here  is  an  industry  of  considerable  and  very  rapidly 
increasing  importance  in  this  State,  involving,  relative  to 
most  other  agricultural  industries,  a  large  amount  of  capital. 
It  is  one  in  which  success  means  good  profits  and  failure 
large  losses.  No  serious  obstacle  which  cannot  be  over- 
come has  as  yet  been  met  with,  but  considerable  alarm  has 
been  caused  by  the  general  appearance  of  the  downy  mil- 
dew. It  may  be  said,  however,  that  thus  fiir  no  great 
damage  has  been  evident.  It  is  noticeable  that  the  disease 
is  most  serious  in  the  greenhouse  upon  plants  started  in 
August,  which  is  the  time  of  its  occurrence  out  of  doors. 
Those  started  later  in  the  season  or  in  spring  do  not  seem 
to  suff'er.     Even  when  present  in  the  house,  the  disease  does 
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not  kill  the  vines  outright,  and  by  picking  off  the  affected 
leaves  growers  have  succeeded  in  keeping  it  considerably 
in  check.  It  is  therefore  recommended  that  greenhouse  cu- 
cumbers be  started  as  late  as  possible,  to  avoid  the  mildew. 
Plants  started  in  October  have  not  shown  the  disease,  where 
those  planted  in  August  were  badly  affected.  This  is  the 
safest  and  easiest  preventive.  In  case  this  is  un practicable, 
on  account  of  an  early  crop  being  desired,  a  dry  atmosphere 
in  the  house  will  largely  prevent  the  spread  of  the  mil- 
dew, the  development  of  which  is  favored  by  atmospheric 
moisture.  By  removing  affected  leaves,  and  keeping  the 
house  dry,  the  disease  can  be  effectually  kept  down.  A 
third  remedy  lies  in  spraying,  which  must  be  resorted  to 
with  an  early  crop  in  moist  atmosphere.  This  has  been 
practised  very  successfully  with  out-of-door  cucumbers  upon 
Long  Island,  using  the  Bordeaux  mixture.  Spraying  can 
be  done  thoroughly  in  the  greenhouse,  and  both  sides  of  the 
leaves  should  be  well  covered. 

The  Muskmelon  Blight. 
On  account  of  the  general  prevalence  and  general  destruc- 
tiveness  of  this  disease,  melon  growing  has  become  practi- 
cally impossible  in  Massachusetts.  This  plant,  as  described 
in  our  last  report,  has  become  affected  worse  and  worse  each 
year  with  several  different  fungous  diseases,  the  attacks  of 
which  its  delicate  nature  has  little  power  to  resist.  The 
chief  trouble  this  3^ear  and  last  has  been  the  downy  mildew, 
in  connection  with  which  the  anthracnose  and  Allernaria 
disease  have  also  developed.  The  cold  weather  of  the  last 
season  was  very  unfavorable  for  muskmelons,  making  it 
ahnost  impossible  to  get  vigorous  plants  started.  Those 
started  in-doors  and  transplanted  made  practically  no  growth 
for  weeks  after  being  set  out,  and  fell  an  easy  prey  to  disease. 
The  AlternmHa  disease  appeared  about  July  15,  but  ap- 
peared to  cause  no  immediate  damage ;  but  the  mildew, 
coming  on  in  the  latter  part  of  August,  killed  the  vines 
completely  all  over  the  State,  and  no  returns  whatever  were 
received  from  many  large  fields.  After  these  two  years  of 
complete  failure  since  the  mildew  appeared,  it  is  probable 
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that  but  few  attempts  will  be  made  in  the  near  future  to 
grow  this  crop. 

The  subject  of  spraying  as  a  preventive  for  this  trouble 
has  received  considerable  attention  from  this  division  for 
several  years.  During  the  past  season  experiments  Avere 
made  in  co-operation  with  a  local  grower  along  the  lines 
which  previous  experience  had  suggested.  The  details  of 
this  work  will  be  reserved  for  a  bulletin  ;  but  it  may  be  said 
here  that,  even  where  plants  were  thoroughly  sprayed  with 
Bordeaux  mixture,  connnencing  early  in  July  when  the  first 
leaves  developed,  no  effect  could  be  seen  upon  the  develop- 
ment of  the  mildew.  Sprayed  and  unsprayed  plots  and 
fields  were  alike  a  complete  failure.  It  therefore  seems 
quite  evident  that,  so  long  as  this  disease  continues  to  pre- 
vail, the  muskmelon  cannot  be  grown  here  under  ordinary 
treatment.  In  seasons  favorable  to  the  plant,  persistent 
spraying  with  good  culture  may  give  some  returns  ;  but  in 
a  poor  year  the  crop  is  almost  sure  to  be  a  failure,  in  spite 
of  anything  which  can  be  done  to  save  it.  The  plant  is  too 
poorly  adapted  to  oiu*  climate  to  withstand  a  serious  disease. 

An  Apj)h-Ieaf  Spot. 
One  of  the  most  frequent  subjects  of  inquiry  of  this  di- 
vision during  the  past  summer  was  a  spotting  and  dying  of 
apple  leaves,  which  occurred  very  generally  in  this  and  other 
States.  The  trouble  was  fii'st  noted  in  May  or  early  June, 
when  trees  afi*ected  showed  a  spotting  of  the  leaves  resem- 
bling a  fungous  leaf  spot.  This  occurred  quite  generall}^ 
but  usually  on  trees  in  pastures  and  by  roadsides,  rather 
than  in  well-kept  orchards.  The  spotting  was  also  more 
evident  on  low,  frosty  ground.  With  the  advance  of  the 
season  the  spotting  became  much  more  marked,  the  foliage 
gradually  turning  yellow  and  dropping  from  the  trees. 
This  became  Very  noticeable  and  caused  considerable  alarm, 
being  in  striking  contrast  to  the  usual  healthy  condition  of 
apple  foliage.  Good  orchard  trees  were  in  few  cases  seri- 
ously affected,  though  in  some  the  spotting  came  on  rather 
late  in  the  season.  The  trouble  [)re vailed  mostly  in  neg- 
lected trees  growing  under  unfavorable  conditions ;  most 
of  these  lost  their  leaves  during  the  summer. 
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Investigation  of  affected  leaves  failed  at  all  times  to  show 
any  fungus  or  other  organism  which  could  be  regarded  as 
the  cause  of  the  spotting,  but  revealed  peculiarities  which 
point  to  a  cause  of  quite  a  different  nature  ;  namely,  the 
occurrence  of  freezing  temperature  and  frost  at  the  time  the 
leaves  were  unfolding,  and  subsequent  cold,  wet  weather  to 
an  unusual  extent  throughout  the  season.  At  the  time  when 
apple  trees  were  leaving  out,  a  period  of  very  low  tempera- 
ture came  on,  with  frost  and  ice.  Inmiediately  following 
this  the  first  spotting  of  the  leaves  appeared,  being  most 
noticeable  in  the  most  frosty  places.  Affected  leaves  showed 
numerous  dead  spots,  especially  near  the  veins,  where  would 
be  the  largest  amount  of  water.  In  these  spots  the  tissue 
was  dead  and  ruptured.  No  organism  was  to  be  found  as 
the  cause  of  the  injury,  and  from  the  sequence  of  events 
there  could  be  no  reasonable  doubt  that  the  frost  was  the 
destructive  agency.  As  the  season  progressed,  these  leaves 
gradually  dropped  off,  as  might  be  expected.  Further  than 
this,  however,  the  spotting  of  the  leaves  gradually  increased 
through  the  summer,  so  that  in  the  latter  part  of  the  season 
trees  were  affected  which  had  not  shown  the  trouble  at  first, 
while  those  originally  affected  lost  almost  all  their  leaves. 
This  at  first  sight  seemed  to  render  it  impossiljle  that  the 
trouble  Avas  due  to  the  spring  frost,  since  much  of  the  spot- 
ting did  not  appear  until  August,  particularly  in  well-cared- 
for  orchards.  In  all  these  cases,  however,  the  injurious 
effects  were  undoubtedly  due  to  the  same  original  cause. 
Careful  microscopic  examination  of  leaves  when  first  af- 
fected showed  not  only  the  actual  dead  spots,  but  also  many 
other  portions  affected  in  a  peculiar  manner.  Here  and 
there  on  the  leaf  could  be  found  minute,  blister-like  spots, 
retaining  at  first  the  natural  green  color.  In  these  places 
freezing  had  evidently  occurred,  causing  more  or  less  me- 
chanical injury  to  the  tissues,  but  not  sufficient  to  cause 
immediate  death.  The  epidermis  became  separated  from 
the  underlying  cells,  and  more  or  less  ruptured.  In  such 
spots,  apparently,  originated  the  trouble  manifested  later  in 
the  summer.  The  weather,  being  abnormally  wet  and  cold, 
produced  a  low  state  of  vitality,  so  that  the  tissue  gradually 
died  away  in  these  injured  places,  and  visible  dead  spots 
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appeared.  Orchard  trees  in  good  condition  were  perhaps 
less  affected  in  the  first  place,  and  subsequently  were  better 
able  to  withstand  the  injury,  owing  to  their  better  condition. 
This  trouble  is  an  unusual  one,  of  more  interest  on  account 
of  its  peculiar  nature  than  from  any  economic  importance. 

A  /Strawberri/  Disease. 
Many  complaints  were  made  during  the  past  summer  of 
the  dying  of  strawberry  plants  set  out  in  new  beds.  The 
same  also  occurred  to  a  much  less  extent  in  old  beds  at  the 
time  of  fruiting.  In  the  latter  case  the  trouble  appeared  as  a 
withering  and  dying  of  the  fruit  stalks,  followed  b}^  the  same 
effect  in  the  leaves.  Much  more  pronounced  was  the  case 
of  the  new  beds,  where  in  numerous  instances  many  of  the 
yomig  plants  withered  aAvay  in  July,  showing  symptoms  of 
a  very  definite  nature.  The  first  indications  of  the  disease 
appeared  in  the  leaf  stalks,  which  showed  a  dark  discoloration 
and  withering.  Following  this  the  leaves  slowly  faded  away, 
the  whole  plant  finally  becoming  dead.  The  trouble  at  first 
sight  appeared  to  be  located  in  the  petioles,  where  the  black 
spots  first  appeared.  Examination  of  these  parts,  however, 
showed  no  fungus  present,  nor  anything  which  would  ac- 
count for  the  effect.  The  roots  of  affected  plants  were  found 
in  all  cases  to  be  in  very  poor  condition,  the  older  ones 
being  decayed  and  little  new  growth  present,  as  should  be 
the  case  where  the  plants  had  been  set  out  some  time. 
Further  examination  showed  that  a  fungous  growth  was 
present  in  almost  all  the  roots  of  affected  plants,  apparently 
causing  them  to  rot  away  at  the  ends.  Even  in  the  sound 
})arts  this  fungus  could  be  detected,  growing  in  from  the 
outside  toAvard  the  centre.  In  affected  plants  from  many 
different  localities  the  same  condition  Avas  found,  so  that 
there  can  be  little  doubt  that  the  Avithering  of  the  petioles 
and  leaves  Avas  due  to  the  rotting  of  the  roots.  Attempts 
Avere  made  to  obtain  cultures  of  the  fungus,  in  order  to  de- 
termine its  identity  more  definitely  and  test  its  effect  upon 
healthy  plants.  As  this  Avas  not  accomplished,  no  definite 
conclusions  can  be  drawn  as  to  the  actual  cause  of  the  dis- 
ease.    The  cold,  Avet  Aveatlier  of  the  past  season  would  natr- 
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urally  tend  to  aggravate  a  trouljle  of  this  nature,  but  its 
general  and  characteristic  occurrence  indicates  the  presence 
of  a  more  definite  cause  than  this.  Should  the  disease  con- 
tinue to  prevail,  care  should  be  taken  in  starting  new  beds 
to  propagate  only  from  healthy,  vigorous  plants. 

■Plum  ''Yelloivs" 
A  disease  apparently  similar  to  the  "yellows"  of  the 
peach  has  been  noticed  for  several  years  upon  the  college 
grounds.  It  occurs  only  upon  the  Japanese  varieties,  par- 
ticularl}^  the  Abundance,  and  is  as  yet  of  no  serious  con- 
sequence. The  trouble  is  characterized  by  the  production 
of  wiry  yellow  shoots,  just  as  in  the  peach  yellow^s. 

Spraying  or  Linden  and  Elm  Trees  for  Leaf  Spot. 
Both  of  these  shade  trees  are  frequently  affected  with  leaf- 
spot  fungi,  which  sometimes  becomes  quite  abundant,  causing 
the  leaves  to  fall  prematurely.  Some  lindens  on  the  college 
grounds  become  badly  affected  each  year  with  leaf  spot 
(^Cerco^pora  microsora),  while  other  nmcli  younger  trees 
show  little  or  no  trace  of  it.  The  older,  infected  trees  are 
also  more  or  less  injured  by  borers,  and  many  of  the  younger 
trees  show  the  effects  of  sun  scald  on  their  trunks.  The 
presence  of  the  leaf  spots  on  the  older  trees  in  such  a])un- 
dance  is  probably  secondary,  i.e.,  the  trees  are  in  such  poor 
condition  they  induce  leaf  spot  to  thrive.  Elms  are  not  so 
badly  affected  with  the  leaf  spot  (Dothidella  uhnect)  as  lindens 
with  the  Cercospora.  Some  lindens  and  elms  were  sprayed 
twice  this  summer,  viz.,  July  12  and  August  13.  The  result 
of  this  spraying  was  very  marked.  The  spraj^ed  linden 
trees  could  be  easily  identified  by  any  one  during  September 
and  October,  on  account  of  the  more  abundant  foliage  and 
greener  color  of  the  leaves.  The  foliage  remained  on  the 
sprayed  trees  some  days  longer  than  on  the  unsprayed 
ones.  While  the  sprayed  trees  w^ere  affected  to  some  ex- 
tent with  the  spot  fungus,  there  was  a  decided  difference  in 
the  amount  of  infection  between  the  treated  and  untreated. 
Better   results    would    undoubtedly  have   been    obtained  if 
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the  lindens  had  been  spra^^ed  earlier,  or  about  July  1,  as 
at  the  time  of  the  first  spraying  the  spot  was  beginning  to 
appear. 

None  of  the  elm  trees,  either  the  sprayed  or  unsprayed, 
developed  much  of  the  leaf  spot.  All  that  can  be  said  in 
favor  of  the  spra^^ed  trees  is  that  their  foliage  remained  green 
lonofer  than  the  other  trees,  and  tEe  trees  retained  their 
leaves  the  latest  of  any.  We  estimate  that  linden  trees 
affected  as  these  were,  if  sprayed  twice  during  the  season, 
would  result  in  a  gain  of  from  two  to  five  per  cent,  in  their 
growth  and  development.  The  cost  of  spraying  was  insig- 
nificant, as  the  trees  were  not  large.  The  question  involved 
in  all  such  instances  is,  whether  the  tree  is  worth  the 
expense.  This  depends  on  the  owner's  interest  in  such  mat- 
ters, and  in  the  means  and  facilities  to  have  such  work  done. 

Crops  under  Tent  Cloth. 
Much  interest  has  been  manifested  in  Massachusetts  and 
Connecticut  in  the  last  two  or  tlu-ee  3^ears  in  growing  Sumatra 
tobacco  under  tent  cloth.  That  the  environmental  condi- 
tions of  plants  are  greatly  modified  under  tent  cloth  is  well 
known.  Besides  exerting  a  characteristic  influence  on  the 
texture  of  the  plants,  we  might  expect,  from  our  knowledge 
of  the  conditions  which  favor  fungous  infection,  that  the 
conditions  prevailing  under  tent-cloth  culture  would  result 
in  producing  in  certain  cases  beneficial  results.  In  some 
instances  tobacco  growers  have  planted  cucumbers,  water- 
melons, tomatoes,  etc.,  on  the  border  of  tobacco  beds  planted 
under  tent  cloth,  largely  as  a  matter  of  curiosity,  to  see  how 
they  would  develop  under  these  conditions.  So  far  as  the 
production  of  fruit  is  concerned,  it  may  be  stated  that  these 
experiments  have  been  a  failure,  because  no  adequate  pro- 
vision was  made  to  fertilize  the  flowers.  As  a  result  of 
this,  plenty  of  fruit  set  but  did  not  mature.  The  foliage 
of  Avatermelons  which  was  observed  under  tent  cloth  was 
in  excellent  condition.  We  noticed,  however,  on  a  few 
vines  about  a  dozen  leaves  affected  with  AUernaria,  which, 
however,  showed  no  tendency  to  spread.  INIuskmelons  de- 
veloped good  vines  and  foliage,  but  towards  the  latter  part 
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of  the  season  they  showed  some  of  the  usual  blights.  The 
foliage  of  tomato  plants  which  we  observed  was  absolutely 
perfect,  there  being  no  trace  of  the  flea  beetle  or  Macro- 
sporium.  None  of  the  crops  developed  any  fruit  of  any 
consequence.  The  melons,  etc.,  should  have  been  provided 
with  bees  to  fertilize  the  flowers,  and  the  tomatoes  should 
have  been  shaken  frequently,  to  accomplish  the  same  pur- 
pose. Cucumbers  did  well,  but  failed  on  account  of  bees  to 
set  fruit.  It  is  generally  agreed  by  growers  that  the  foliage 
produced  under  tent  cloth  was  of  superior  quality,  though, 
on  account  of  the  inability  of  the  crops  to  set  fruit,  they 
were  considered  a  failure.  The  foliao-e  of  o-eraniums  and 
other  decorative  plants  w^as  excellent,  and  the  geraniums 
showed  no  tendency  to  a  leaf  spot  which  had  been  rather 
abundant  during  the  past  summer.  Our  experiments  in 
growing  muskmclons  under  glass  during  the  smnmer  were 
more  favorable  than  those  conducted  under  tent  cloth,  both 
in  respect  to  fungi  and  setting  fruit.  Our  melon  crop  ran 
into  October,  and  there  was  not  to  be  seen  the  sliofhtest 
trace  of  any  form  of  blight  during  the  whole  season .  The 
house  was  ventilated  freely  during  the  day  time,  hence  allow- 
ing insects  free  opportunity  to  fertilize  the  flowers,  as  a  re- 
sult of  which  we  had  a  superabundance  of  fruit.  Since  it 
was  our  purpose  to  observe  what  efiect  the  absence  of  mois- 
ture would  have  upon  infection,  the  foliage  of  the  vines  was 
kept  entirely  free  from  water  tliroughout.  Notwithstanding 
that  the  various  blights  which  afiect  the  cucumber  were 
present  everywhere  out  of  doors,  no  infection  took  place 
in  this  crop.  We  are  convinced  that  Plasmopara  or  the 
downy  mildew  (see  p.  31)  can  be  held  in  check  in  green- 
houses, if  the  moisture  conditions  are  controlled  ;  and  the 
same  may  hold  good  to  some  extent  in  the  Alternaria  and 
the  anthracnose.  At  any  rate,  none  of  these  fungi  made 
their  appearance  on  the  foliage  under  glass.  There  is  con- 
siderable difierence  in  the  conditions  prevailing  under  glass 
from  those  under  tent  cloth.  Tent  cloth  may  succeed  in 
keeping  ofi"  dews  and  mists  from  the  plants.  It  will,  how- 
ever, allow  rain  to  pour  tlirough  without  much  difficulty, 
whereas  the  greenhouse  can  be  kept  practically  tight.     In 
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conclusion,  it  may  be  stated  that  it  is  not  generally  con- 
ceded by  tobacco  growers  who  experimented  with  cucum- 
bers, etc.,  under  tent  cloth,  that  this  method  of  culture  will 
be  of  any  practical  importance  in  the  cultivation  of  garden 
crops.  It  is  cjuite  evident,  however,  that  it  succeeds  in  pro- 
ducing plants  of  better  foliage,  and,  on  the  whole,  it  has  a 
value  in  certain  cases  of  preventing  infection. 

EXPERTMEXTS    IN   HeATING    SoILS. 

The  rather  unusual  interest  taken  in  the  problem  of  soil 
sterilization  within  the  last  few  years  has  been  the  means  of 
inducing  growers  to  improvise  various  devices  for  heating 
soil.  Some  of  these  appliances  have  been  constructed  for 
personal  use  only,  while  others  have  been  patented  and 
placed  on  the  market.  The  diameter  of  the  tubing  and 
method  of  perforating,  together  with  the  size  and  number 
of  the  perforations,  differ  much  in  the  various  appliances. 
The  amount  and  pressure  of  steam  and  distance  between 
pipes  in  the  soil  also  vary  with  different  appliances,  as  does 
the  relative  efficiency  and  cost  of  heating.  Our  experi- 
ments, which  were  rather  limited  in  extent,  consisted  in 
testing  the  relative  heating  capacity  of  pipes  one  foot  long 
and  of  various  diameters,  which  contained  the  same  number 
and  area  of  perforations  ;  also  of  pipes  of  the  same  diameter, 
containing  various  sizes  and  numbers  of  perforations.  We 
made  use  of  iron  pipe,  galvanized  iron  and  tin  tubing,  and 
porous  tile.  In  order  to  test  their  relative  efficiency,  we 
placed  them  in  the  centre  of  a  keg  that  had  a  hole  bored  in 
the  side  for  a  thermometer,  which  in  each  case  was  placed 
about  six  inches  from  the  tubes.  The  keg  was  filled  with 
soil,  and  steam  entered  into  the  tube.  All  of  the  tubes 
except  the  tile  were  plugged  at  the  lower  end,  and  the 
steam  had  to  penetrate  the  soil  through  the  perforations. 
The  table  shows  the  result  of  these  experiments  :  — 
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Table  shoicing  the  Relative  Heating  Efficiency  of  Tubes  of  Various 
Dianteters,  Sizes,  and  Numbers  of  Perforations. 


Kind  of  Tube. 

Number  of 

Per- 
forations. 

Area  of 

Perforations 

(Square 

Inches). 

Size  of 

Perforations 

(Inches). 

Time    required 
to    heat    Soil 
200  Degrees  F. 
(Minutes). 

■fa)  Two-inch  iron  pipe,    .       . 
(6)  One-incli  iron  pipe,     . 

(c)  Two-inch  colander  tin, 

(d)  Two-incli  galvanized  iron, 

(e)  Two-inch  galvanized  iron, 
(/)  Two-inch  tile, 

44 
44 

4,C46 
29 
116 

1.21 
1.21 
14.26 
1.42 
1.42 

5 
11 

2 

IV2 

A  comparison  of  one-inch  and  two-inch  iron  pipes,  each 
containing  four  rows,  giving  a  total  of  forty-four  perfora- 
tions, three  sixteenths  of  an  inch  in  diameter,  gave  as  a 
heating  capacity  for  two-inch  pipe  five  minutes,  and  for  one- 
inch  pipe  eleven  minutes  ;  or,  in  other  words,  it  requires  six 
minutes  longer  for  the  one-inch  pipe  to  heat  the  same  mass 
of  soil  than  the  two-inch  pipe.  An  average  of  four  experi- 
ments gave  for  the  two-inch  pipe  nine  minutes  and  for  the 
one-inch  pipe  seventeen  minutes,  or  nearly  the  same  ratio. 

Two  tests  were  made  with  one  and  one-half  inch  pipe, 
similar  in  every  way  to  those  just  described.  Since  this 
pipe  was  mislaid,  further  experiments  with  it  were  discarded. 
It  may  be  stated,  however,  that  the  results  obtained  by  the 
use  of  this  pipe  were  better  than  those  with  the  one-inch, 
although  not  so  good  as  those  obtained  by  the  use  of  the 
two-inch. 

A  comparison  of  the  three  perforated  tin  and  galvanized 
u'on  tubes  (c,  d  and  e)  showed  little  variation  in  heating 
capacity.  The  colander  tin  tubes,  howevex,  had  a  great 
man}^  perforations,  representing  a  much  larger  area  for  steam 
to  escape.  Notwithstanding  this,  it  was  not  superior  to 
tube  d,  which  was  a  section  of  Cartter's  sterilizing  apparatus. 
The  experiment  with  tile  {/)  was,  as  might  have  been  ex- 
pected, less  satisfactory  as  a  heater  than  any  of  the  others 
except  the  one-inch  pipe.  The  lower  end  of  the  tile  was 
not  closed,  hence  practically  all  the  heat  which  escaped  did 
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so  through  both  ends  of  the  tile,  and  only  a  little  through 
the  pores. 

In  these  experiments  it  appears  that  a  two-inch  pipe  is  far 
superior  to  a  one-inch  pipe  as  a  heater,  where  the  number 
and  size  of  the  perforations  are  the  same  ;  also  that  for  all 
practical  purposes  one-fourth-inch  perforations  are  better 
than  smaller  ones,  even  where  the  total  area  is  the  same  or 
even  greater.  It  is  therefore  not  so  desirable,  if  eiEciency 
is  to  be  considered,  to  construct  sterilizers  out  of  one-inch 
iron  pipe,  as  some  have  done,  inasmuch  as  a  two-inch  tubing 
with  tliree-sixteenths  or  one-fourth  inch  perforations  will 
give  better  results.  The  best  results  were  obtained  with  a 
section  of  Cartter's  tube,  which  contained  four  rows  of  per- 
forations one-fourth  inch  in  diameter. 

In  heating  soils  there  are  many  factors  which  have  to  be 
taken  into  consideration,  such  as  the  pressure  and  the  amount 
of  steam  supplied,  the  size  of  the  apparatus,  and  the  amount 
of  earth  that  is  to  be  heated.  These  factors  are  so  variable 
that  probably  no  two  men  have  sterilized  soil  at  the  same 
cost.  Sterilizers  that  will  do  rapid  and  cheap  work  at  a 
certain  pressure  and  supply  of  steam  will  do  less  work  at  a 
greater  cost  with  the  same  pressure  and  less  volume  of  steam. 
It  is  not  only  essential  that  the  sterilizer  should  be  constructed 
on  the  best  principles,  but  the  volume  of  steam  and  pressure 
maintained  should  be  adapted  to  the  requirements. 

Influence  of  Sterilized  Soil  on  Seed  Germination. 
In  previous  reports  and  bulletins  from  this  station  there 
have  been  given  results  of  some  experiments  relating  to  the 
influence  of  various  agencies  upon  the  germination  of  seeds. 
For  some  years  much  use  has  been  made  of  sterilized  soils 
by  this  division  in  studying  the  various  diseases  of  green- 
house crops.  In  numerous  experiments,  made  upon  a  con- 
siderably large  variety  of  plants,  we  have  always  noticed 
the  marked  effect  which  sterilization  had  upon  the  germina- 
tion of  seeds  and  the  subsequent  growth  of  the  })lant.  Many 
photographs  have  been  made  from  time  to  time  of  those  crops 
which  display  very  important  differences,  and  in  some  in- 
stances the  weight  of  the  plants  lias  been  recorded,  which 
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show  the  marked  effects  that  soil  sterilization  has  upon  ger- 
mination and  growth.  We  had  made  no  experiments,  how- 
ever, to  ascertain  to  what  extent  acceleration  took  place  in 
seed  germination,  until  the  following  were  made,  the  results 
of  which  are  shown  in  the  table  :  — 


Ocrminat 

ion  of  Seeds 

in 

Sterilized  and  Unsterilized  Soil 

Number  op 
Experiment. 

Kind  ol'  Seed. 

Total 
Number 
of  Seed 

tested. 

Number 
germinated  in — 

Per  Cent. 

steril- 
ized Soil. 

Unsteril- 
ized Soil. 

Gain 
or  Loss. 

Experiment   2, 

Radish 

600 

159 

81 

41 

Experiment  3, 

Tomato, . 

600 

93 

110 

—13 

Experiment   5, 

Cucumber, 

600 

281 

187 

33 

Experiment  10, 

Lettuce, . 

600 

26 

10 

61 

Experiment  11, 

Tomato, . 

600 

37 

33 

10 

Experiment  13, 

Onion,     . 

400 

48 

31 

35 

Experiment  14, 

Mustard, 

400 

84 

32 

61 

Experiment  15, 

Turnip,  . 

400 

105 

37 

64 

Experiment  16, 

Red  clover, 

400 

68 

45 

33 

Experiment  17, 

Onion,     . 

200 

57 

32 

43 

Experiment  IS, 

Red  clover, 

200 

83 

73 

12 

Experiment  21,      . 

Lettuce, . 

200 

87 

26 

70 

In  these  experiments  we  purposely  made  use  of  seeds 
representing  considerable  variations  in  age  and  of  low  ger- 
minating capacity,  and  where  certain  numbers  are  omitted 
in  column  1,  it  should  be  understood  that  in  such  cases  the 
seeds  were  so  old  that  little  or  no  germination  took  place. 
The  seeds  in  each  experiment  were  taken  from  uniform  lots, 
i.e.,  they  were  supposed  to  be  of  the  same  age  and  from  the 
same  source  ;  and  where  the  same  kind  of  seed  appears  twice 
in  the  table,  it  indicates  that  they  are  of  different  age  and 
origin.  Two  hundred  seeds  were  used  in  each  experiment, 
one  hundred  beino-  sown  in  sterilized  soil  and  one  hundred 
from  the  same  lot  in  unsterilized  soil.  In  some  instances 
the  experiment  is  repeated  three  times,  in  which  case  we 
have  the  average  germination  of  six  hundred  seeds.  The 
soil  used  was  the  same,  except  that  one  lot  was  sterilized, 
the  other  not.     The  lower  the    per  cent,   of  germination 


42  HATCH   EXPERIMENT   STATION.         [Jan. 

which  seeds  exhibit,  the  more  important  it  is  that  a  larger 
number  should  be  employed  in  order  to  obtain  true  aver- 
ao'es.  Where  seed  showed  95  per  cent,  germinating  ca- 
pacit}^,  a  test  including  one  hundred  seeds  is  of  some  value. 
On  the  other  hand,  where  there  is  only  a  germination  equal 
to  10  per  cent.,  a  truer  average  can  be  obtained  by  employ- 
insr  eiofht  hundred  or  a  thousand  or  more,  or,  what  is  better, 
to  repeat  the  experiment  at  least  half  a  dozen  times  with  a 
smaller  number  of  seeds.  The  high  percentages  given  are 
somewhat  misleading,  as  the  number  of  seeds  used  was  not 
sufficient  to  obtain  reliable  averages.  All  of  the  experi- 
ments could  be  repeated  to  advantage.  Since  in  many 
instances  the  seeds  were  used  up,  it  was  not  possible  to 
continue  the  experiments  further.  These  experiments, 
nevertheless,  possess  a  certain  value,  and  the  results  coin- 
cide in  a  general  way  with  what  we  have  continually  ob- 
served in  the  greenhouse.  In  germinating  thousands  of 
lettuce  seeds  in  boxes  we  have  noticed  many  instances  sim- 
ilar to  that  shown  on  No.  21,  although  the  percentage  of 
gain  is  too  high  for  average  results.  The  average  accelera- 
tion given  in  all  of  the  experiments  shown  in  the  table,  or 
the  percentage  of  germination  noted  on  the  fourth  day  after 
planting,  was  25  per  cent,  in  favor  of  the  sterilized  soil.  It 
will  be  noticed  that  the  tomato  seeds  do  not  respond  to  ster- 
ilized soil,  and  in  four  out  of  seven  tests  those  growing  on 
unsterilized  soil  gave  the  best  results.  Since  these  experi- 
ments are  preliminary  ones,  and  are  being  continued,  further 
comments  at  this  time  are  not  necessary,  except  to  relate 
that  from  an  economic  point  of  view  we  consider  it  worth 
while  to  start  such  plants  as  lettuce,  cucumbers,  melons, 
tobacco,  etc.,  in  sterilized  soil,  provided  steam  is  available. 
In  such  cases  the  expense  would  be  very  insignificant.  Be- 
sides returns  from  acceleration  and  increase  in  germinating 
capacity,  the  important  factor  of  immunity  from  diseases 
such  as  those  arising  from  the  damping  fungus,  etc.,  is 
important. 
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EEPORT   OF   THE   METEOROLOGIST. 


J..  E.    OSTRANDER. 


The  work  of  the  meteorological  division  of  this  station 
during  the  past  year  has  been  much  the  same  as  outlined 
in  previous  reports.  The  abnormal  temperature  conditions 
prevailing  during  much  of  the  growing  season  caused  more 
than  the  usual  interest  in  the  monthly  bulletins  issued,  and 
in  abstracts  from  them  published  by  a  considerable  number 
of  the  papers  of  the  State. 

At  the  end  of  June,  Miss  S.  C.  Snell,  the  voluntary 
observer  for  the  United  States  Weather  Bureau,  resig-ned 
after  a  service  of  more  than  twenty-five  years.  At  the  re- 
quest of  Mr.  J.  W.  Smith,  section  director,  the  station  has 
arranged  to  furnish  the  temperature  and  precipitation  records 
on  the  voluntary  observer  blanks,  in  addition  to  the  records 
published  in  the  monthly  bulletin.  All  records  for  Amherst 
now  published  in  the  monthly  report  of  the  New  England  sec- 
tion of  the  climate  and  service  of  the  Weather  Bureau  are  now 
credited  to  the  Hatch  Experiment  Station,  instead  of  only  the 
barometer  and  wind  records,  as  formerly.  Arrangements 
have  been  made  to  furnish  the  weekly  snow  reports  to  the 
Boston  office  the  present  winter,  as  heretofore. 

The  local  forecasts  for  the  weather  of  the  following  day 
have  been  furnished  daily,  except  Sunday,  as  in  former 
years.  Their  transmission  to  the  college  by  telegraph  has 
been  less  satisfactory  than  formerly,  owing  to  the  interfer- 
ence of  the  electric  currents  of  the  local  electric  railways. 
If  our  telegraph  line  from  the  Western  Union  office  to  the 
tower  could  be  relocated,  so  as  to  avoid  this  interference,  the 
forecasts  could  be  received  more  certainly  and  promptly. 

The  monthly  observations  of  the  declination  of  the  mag- 


44  HATCH   EXPERIMENT   STATION.         [Jan. 

netic  needle  have  been  made,  as  indicated  in  last  year's 
report.  The  laying  of  steam  pipe  to  the  several  buildings 
during  the  summer  has  probably  atFected  the  results  of  the 
last  few  months.  Pending  a  more  complete  report  of  these 
results,  it  may  be  stated  that  the  mean  declination  for  1900 
was  11^  10'  west ;  for  1901,  11°  10'  west ;  and  for  the  present 
year,  11°  14'  west. 

The  equipment  has  remained  practically  the  same  during 
the  year.  In  the  near  future  a  number  of  new  clocks  for 
some  of  the  self-recording  instruments  will  be  required. 

At  the  close  of  the  college  year,  in  June,  Mr.  H.  L. 
Bodfish,  the  observer,  retired  from  the  division,  and  was 
succeeded  by  the  assistant  observer,  Mr.  S.  C.  Bacon. 
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REPORT   OF   THE   E:N^T0M0L0GISTS. 


C.    H.    FERNALD,    H.    T.    FERNALD. 


During  the  year  1902  the  work  of  the  entomok)gical  divi- 
sion has  been  concentrated  along  a  few  but  important  lines. 
The  correspondence  has,  as  usual,  occupied  much  time,  and 
a  large  portion  has  been  of  a  routine  nature.  This  part  of 
the  work  is  of  great  importance,  and  it  has  been  tlie  in- 
tention to  give  the  most  careful  attention  to  every  letter 
received,  however  common  the  insect  concerned  may  be,  as 
the  greatest  amount  of  assistance  is  often  needed  in  order  to 
effectively  combat  the  most  common  forms. 

Extensive  experiments  on  the  best  methods  of  treatment 
for  the  San  Jose  scale  under  New  England  conditions  have 
been  carried  on  in  the  college  orchard  during  the  year. 
Over  six  hundred  trees  have  been  treated  in  different  ways, 
and  the  results  studied  by  means  of  repeated  inspections 
during  the  summer  and  fall.  A  discussion  of  this  work  and 
its  results  thus  far  is  now  being  prepared  for  publication  as 
a  station  bulletin. 

Much  attention  has  also  been  given  to  the  preparation  of 
the  early  stages  of  insects  for  the  insectary  collection.  As 
in  most  cases  the  injuries  caused  by  insects  are  while  the 
latter  are  immature,  the  importance  of  representing  all 
stasres  in  a  collection  at  once  becomes  evident.  In  connec- 
tion  with  the  additions  thus  made,  an  extensive  rearrange- 
ment of  the  collection  has  been  begun,  the  result  of  which 
will  be  to  make  it  more  instructive  and  available  for  direct 
study  and  comparison  than  ever  before.  Many  records  and 
life  histories  have  also  been  added  to  the  insectary  files. 

Work  on  the  card  catalogue,  referred  to  in  previous  re- 
ports, has  been  continued,  and  the  value  of  the  catalogue  as 
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a  whole  is  demonstrated  by  its  frequent  use  each  day. 
From  it  a  bibliographical  catalogue  of  the  scale  insects 
of  the  world  has  been  prepared,  and  is  ready  for  the 
printer. 

The  nursery  inspection  law,  passed  by  the  Legislature  of 
11)02,  has  removed  the  work  of  nursery  inspections  from  the 
list  of  duties  of  the  entomological  division  of  the  station  ; 
but  the  appointment  of  the  associate  entomologist  of  the 
station  as  inspector  has  enabled  him  to  make  the  service  of 
the  station  available  to  many  who  were  not  previously  aware 
of  the  opportunities  it  offers  for  assistance  in  diiEculties  they 
meet,  and  it  has  also  enabled  him  to  learn  more  of  the  en- 
tomological problems  which  need  investigation  in  the  State 
than  could  possibly  have  otherwise  been  the  case. 

Insects  of  the  Year. 

No  serious  insect  outbreaks  have  been  observed  during  the 
year,  though  many  kinds  have  made  their  presence  felt. 

The  brown-tail  moth  has  continued  to  spread,  and  in  the 
more  central  portion  of  its  distribution  has  become  ex- 
tremely abundant.  So  serious  is  it  in  some  places  that  city 
and  town  authorities  have  taken  up  the  work  of  gathering 
and  destroying  the  tents  during  the  winter  months,  as  a 
partial  method  of  relief  from  the  sufferings  which  would 
otherwise  be  caused  from  the  irritation  on  the  human  skin 
produced  by  the  hairs  of  this  insect  during  the  following 
summer  months.  A  bulletin  has  been  prepared  on  this  in- 
sect, and  published  by  the  State  Board  of  Agriculture. 

The  gypsy  moth  has  increased  in  numbers,  until  in  some 
places  it  is  nearly  as  abundant  as  it  has  ever  been.  In  gen- 
eral, however,  it  has  not  as  yet  made  its  presence  seriously 
felt,  though  a  3^ear  or  two  more  is  all  that  will  be  necessary 
for  it  to  fully  re-establish  itself  throughout  its  original 
territory. 

The  San  Jose  scale  is  now  present  in  over  one  hundred 
cities  and  towns,  and  is  rapidly  spreading,  though  fortu- 
nately the  number  of  food  plants  on  which  it  thrives  so  as  to 
endanger  the  life  of  the  plant  appears  to  be  small.  During 
the  fall  it  was  found  on  California  privet,  arbor- vitee  and 
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spruce, —  food  plants  not  heretofore  reported,  though  whether 
it  can  live  for  any  length  of  time  on  these  remains  to  be 
seen. 

The  elm-leaf  beetle  has  attracted  but  little  attention  this 
year,  except  in  the  north-eastern  part  of  the  State,  where  it 
has  a})i)cared  in  abundance  for  the  first  time.  Elsewhere  it 
was  ajbout  as  plenty  as  usual,  and  was  generally  treated  by 
the  tree  wardens  and  city  foresters  with  considerable  success. 
It  has  now  been  established  that  in  the  Connecticut  valley 
this  insect  has  but  a  partial  second  brood,  —  so  small,  in 
fact,  that  the  injury  it  causes  is  almost  infinitesimal. 

The  resplendent  shield-bearer  (^Aftpidisca  splendoriferella) 
has  been  abundant,  attacking  the  apple  leaves,  but  appears 
to  have  caused  but  a  small  loss.  The  apple-leaf  miner 
(Tischeria  ^nalifolieUa)  appeared  in  abundance  in  apple 
leaves  in  the  fall  of  1901,  and  was  present  in  large  numbers 
last  spring.  Careful  studies  on  this  insect  show  that  in 
Massachusetts  it  is  two-brooded,  the  adults  appearing  in 
early  spring  and  also  in  July. 

Two  species  of  Aleyrodes  have  been  doing  a  great  deal  of 
damage  in  some  parts  of  this  State,  —  one  in  greenhouses, 
the  other  out  of  doors  on  strawberries  and  other  plants. 
These  species  haVe  long  been  considered  identical  with 
Aleyrodes  vajjorariorum  Westw.,  a  common  European  in- 
sect, but  the  one  on  strawberries  proves  to  be  a  new  species. 
Both  have  been  very  carefully  studied  here,  and  the  new 
one  described  and  published  with  illustrations  in  the  Can- 
adian "  Entomologist,"  under  the  name  of  Aleyrodes  paek- 
ardi.  The  studies  on  the  other  species  will  be  published 
with  illustrations  as  soon  as  completed. 

The  life  histories  of  several  buos  have  also  been  worked 
out,  and  are  now  in  the  printer's  hands  for  publication. 
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REPORT     OF     THE     CHEMIST. 


DIVISION   OF   FOODS   AND    FEEDING. 


J.    B.    LINDSEY. 
Assistants:    E.  B.  HOLLAND,    P.  H.    SMITH,   J.  W.  KELLOOa,'    T.    M.    CAR- 
PENTER.' 

Insi^ector  of  Babcock  Machines  and  Dairy  Tester :  N.  J.  hunting. 
In  Charge  of  Feeding  Exi)eriments :  abel  gilbert. 
Stenographer :  mabel  smith. 


Part    I.  —  Outline  of  Year's  AVork. 

A.  Correspondence. 

B.  Extent  of  chemical  work. 

»  C.     Character  of  chemical  work. 

(a)>  Water. 

(6)    Dairy  products  and  feed  stuflfs. 
(c)   Chemical  investigation. 

D.  Cattle  feed  inspection. 

E.  Execution  of  the  dairy  law. 

Part  II. — Dairy  and  Feeding  Experiments. 

A.  Tests  of  pure-bred  cows. 

B.  Tests  of  fly  preventives. 

C.  Summer  forage  crops. 

D.  The  pentosans. 

E.  Digestion  experiments  with  sheep,  1894-1902. 

'  During  the  year  Messrs.  Kellogg  and  Carpenter  severed  their  connection 
with  tliis  division,  to  accept  more  lucrative  positions  elsewhere,  the  former 
going  to  the  Rliode  Island  and  the  latter  to  the  Pennsylvania  Experiment  Sta- 
tion. The  loss  of  those  two  efficient  workers  has  been  seriously  felt,  and  natur- 
ally impeded  the  work  of  the  division. 
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Part  I.  —  Outline  of  Year's  Work. 


J.    B.    LINDSEY. 


A.  Correspondence:. 
The  correspondence  of  this  division  was  about  the  same 
in  character  and  amount  as  in  preceding  years.  Informa- 
tion is  asked  on  a  great  variety  of  subjects.  Some  ques- 
tions can  be  easily  answered  by  reference  to  bulletins  ah'eady 
published,  while  others  require  considerable  thought  and 
study.  The  total  number  of  letters  sent  out  during  the 
year  has  been   1,950. 

B.     Extent  of  Chemical  Work. 

The  work  in  the  chemical  laboratory  has  been  similar  to 
that  of  previous  years.  The  large  amount  of  routine  work 
in  connection  with  the  examination  of  water,  milk,  cream, 
butter,  feed  stuffs  and  miscellaneous  substances  leaves  little 
time  available  for  strictly  chemical  investigation.  The 
amount  of  chemical  work  may  be  better  understood  by  not- 
ing the  variety  and  number  of  substances  recorded  below. 

There  have  been  sent  in  for  examination  181  samples  of 
water,  120  of  milk,  1,482  of  cream,  118  of  pure  and  proc- 
ess butter,  9  of  oleomargarine,  130  of  feed  stuffs  and  9  of 
miscellaneous  substances.  In  connection  with  experiments 
by  this  and  other  divisions  of  the  station,  there  have  been 
analyzed,  in  whole  or  in  part,  187  samples  of  milk  and 
cream,  42  of  butter  fat  and  642  of  fodders  and  feed  stuifs. 
There  have  also  been  collected,  under  the  provision  of  the 
feed  law,  and  tested,  either  individually  or  in  composite, 
320  samples  of  concentrated  feed  stuffs.  This  makes  a 
total    of   3,240    substances   analyzed    during   the   year,   as 
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against  3,622  last  year  and  3,036  in  the  previous  year. 
Work  on  pentosans,  fiber,  starch,  sugar  and  fat,  and  on  the 
availability  of  organic  nitrogen,  not  included  in  the  above, 
has  been  done  for  the  Association  of  Official  Agricultural 
Chemists.  In  addition,  13  candidates  have  been  examined 
and  given  certificates  to  operate  Babcock  machines  in  cream- 
eries and  milk  depots,  and  2,344  pieces  of  glassware  have 
been  tested  for  accuracy. 

C.     Character  of  Chemical  Work. 

(a)    Water. 

This  division  during  the  past  year  has  endeavored  to 
make  sanitarj^  analyses  of  drinking  Avater,  so  far  as  time 
and  means  would  permit.  Samples  Avere  received  not  only 
from  farmers,  but  from  persons  following  various  trades  and 
professions.  They  were  practically  all  from  wells,  springs 
and  ponds,  in  towns  not  provided  with  a  public  water  supply. 
A  few  were  of  excellent  quality,  many  of  fair  quality  only, 
others  quite  suspicious,  while  some  were  entirely  unfit  for 
use.  A  number  of  samples  Avere  found  to  contain  lead,  due 
to  the  use  of  lead  pipe.  Drinking  water  thus  polluted  re- 
sults in  serious  cases  of  lead  poisoning.  All  parties  are 
cautioned  never  to  use  lead  pipe  to  couduct  ivater  intended 
for  drinhing  or  coohing  purposes. 

It  has  been  the  custom,  ever  since  the  establishment  of 
the  Massachusetts  Experiment  Station,  in  1882,  to  make 
sanitary  analyses  of  drinking  water  free  of  cost  to  citizens 
of  Massachusetts.  Because  of  the  increase  of  other  lines  of 
work,  and  the  limited  funds  available,  it  has  become  neces- 
sary to  make  a  small  charge  for  each  sample  of  water  ex- 
amined. Acting  under  instructions  from  the  Experiment 
Station  committee,  the  foUoAving  regulations  have  been 
adopted  :  — 

After  Jan.  1,  1903,  there  will  be  a  charge  of  three  dollars  for 
each  sample  of  water  tested  at  this  station.  This  charge  is  in- 
tended to  simply  cover  the  cost  of  the  chemist's  time  and  the 
gas  and  chemicals  employed  in  the  examination.  Heretofore, 
to  aid  in  promoting  the  public  health,  sanitary  analyses  of  drink- 
ing water  have  been  made  free  of  cost  to  citizens  of  Massachu- 
setts, altliough  the  station  has  in  no  way  been  required  by  law 
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to  do  so.  The  increase  of  ether  important  lines  of  work  now 
severely  taxes  the  limited  resources  of  this  division,  and  renders 
such  a  step  necessary. 

Those  wishing  to  secure  a  sanitary  analj'sis  of  water  must  first 
apply,  whereupon  a  glass  bottle  securely  encased,  accompanied 
by  full  instructions  for  collecting  and  shipping  the  sample,  will 
be  foi-warded  by  express.  The  return  expressage  must  in  all 
cases  be  prepaid.  Because  of  the  smallness  of  the  sum  involved, 
no  account  will  be  opened.  Remittance  bj-  check,  P.  O.  money 
order,  or  money  at  the  owner's  risk,  must  be  strictly  in  advance. 
Application  may  be  made  and  money  sent  to 
Dr.  J.  B.  LrxDSEY, 

Hatch  Exjieriinent  Station. 

(h)   Dairy  Products  and  Feed  Stuffs. 

Slightly  less  than  the  usual  number  of  samples  of  milk  and 
cream  were  received  during  the  past  year.  They  were  sent 
largely  for  the  purpose  of  ascertaining  their  butter  fat  con- 
tent. Some  farmers  wish  to  ascertain  the  quality  of  milk  pro- 
duced by  their  animals,  while  others  who  sell  cream  wish  to 
check  the  work  of  the  local  creamery.  Oftentimes  samples 
are  received  from  milk  dealers  whose  product  has  been  found 
below  the  legal  standard ;  in  such  cases,  both  total  solid 
matter  and  fat  are  determined.  Printed  circulars  are  sent 
to  all  inquiries,  giving  concise  information  concerning  the 
quality  of  milk  produced  by  different  breeds,  as  well  as  full 
instruction  relative  to  the  best  methods  to  be  emploj'ed  in 
determining  the  butter-producing  capacity  of  dairy  herds. 

This  division  also  examines  milk,  cream,  butter  and  oleo- 
margarine collected  by  the  agent  of  the  Dairy  Bureau  in 
western  Massachusetts.  The  past  year  the  work  has  been 
confined  almost  wholly  to  the  examination  of.  renovated 
butter.  The  number  of  feed  stuffs  received  was  somewhat 
in  excess  of  those  received  a  j'ear  ago.  In  some  cases  a 
physical  inspection  only  was  necessary,  while  in  other  cases 
both  a  chemical  and  microscopic  examination  are  required. 
Ximierous  samples  are  received  fi'om  wholesale  dealers,  who 
avail  themselves  of  the  station  facilities  to  make  sure  that 
the  materials  they  are  offering  are  as  represented.  It  is  the 
intention  to  give  such  samples  immediate  attention,  and  to 
return  the  results  promptly. 
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(c)    Chemical  Investigation. 

It  is  the  aim  of  this  division  to  devote  as  much  attention 
as  possible  to  chemical  investigation,  in  connection  with  the 
many  dairy  and  feeding  problems.  The  very  limited  time 
at  our  disposal  the  past  year  has  been  given:  («)  to  the 
examination  of  butter  fat  in  connection  with  feedin*g  experi- 
ments, to  note  the  effect  of  various  feed  constituents  upon 
its  character;  {h)  to  the  improvement  of  methods  for  the 
determination  of  the  pentosans  and  starch  in  feed  stuffs  ; 
and  (c)  to  the  determination  of  the  availability  of  organic 
nitrogen  in  fertilizing  materials.  An  inquiry  was  also  con- 
ducted to  ascertain  the  effect  of  two  different  milk-condensing 
processes  on  the  nitrogenous  bodies  of  milk. 

A  great  deal  of  time  has  also  been  given  to  chemical  work 
in  connection  with  the  various  feeding  and  daily  experiments. 
Some  of  the  experiments,  being  completed,  are  reported  in 
Part  n.,  while  others  are  still  in  progress. 

D.  Cattle  Feed  Inspection. 
During  the  past  year  only  one  complete  canvass  of  the 
State  has  been  made  for  the  purpose  of  collecting  samples 
of  concentrated  feeds  ;  heretofore,  at  least  two  inspections 
were  made  yearl3^  More  work  had  been  done,  however, 
along  this  line  in  the  past  than  the  small  amount  of  money 
available  under  the  law  would  admit ;  hence  the  necessary 
curtailment.  The  results  of  the  samples  collected  and  ex- 
amined for  1901  were  published  in  Bulletin  No.  78,  of  which 
9,000  copies  were  issued.  A  quite  thorough  inspection  was 
made  in  October  and  November,  1902,  and  the  feeds  are 
now  undergoing  a  chemical  and  microscopic  examination. 
It  may  be  said  that,  owing  to  the  unusually  open  autumn, 
and  because  of  the  expectation  that  with  the  advent  of  new 
corn  the  prices  of  feeds  would  generally  reach  a  lower  level, 
dealers  were  carrying  light  stocks.  Little  new  cotton-seed 
meal  had  arrived,  and  the  various  gluten  products  were  in 
light  supply.  AVest  of  the  Connecticut  Kiver  Y&ry  little 
material,  excepting  wheat  feeds,  was  found.  As  soon  as  the 
weather  becomes  colder,  and  especially  after  the  new  crop 
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of  corn  becomes  available,  the  quantity  and  variety  of  feed 
stuffs  nuist  be  greatly  increased. 

In  general,  it  may  be  said  that  the  better  grades  of  con- 
centrated feeds,  such  as  cotton-seed  meal,  linseed  meal,  the 
gluten  and  unmixed  wheat  products,  are  practicall}^  free  from 
adulteration.  Exceptions  to  this  statement  are  to  be  found 
in  the  frequent  admixture  of  wheat  screenings  with  wheat 
bran,  and  in  an  entire  car  of  so-called  "Fancy  Canada  Bran," 
containing  a  very  large  admixture  of  coffee  hulls,  —  a  worth- 
less feeding  material. 

Mixed  feed,  a  trade  name  for  a  mixture  of  1,200  to  1,800 
pounds  of  wheat  bran  and  200  to  800  pounds  of  fine  mid- 
dlings and  "  red  dog,"  is  often  seriously  adulterated  by  sub- 
stituting ground  corn  cobs  or  broom-corn  waste  for  the 
middlings.  This  falsification  is  not  practised  by  reputable 
millers,  but  by  unscrupulous  outside  parties,  or  possibly  by 
small  millers  in  remote  localities.  It  is  hardly  necessary  to 
remark  that  this  material  is  sold  at  the  same  price  as  the 
genuine.  A  considerable  variety  of  oat  offal  is  always  in 
the  market,  and  in  some  cases  it  is  guaranteed  to  contain  a 
noticeably  higher  percentage  of  protein  than  is  shown  by 
analysis.  The  manufacturers'  attention  has  been  called  to 
this  misrepresentation,  but  they  do  not  choose  to  rectify  it. 
A  large  amount  of  so-called  provender  consists  of  mixtures 
of  oat  offal  and  cracked  corn  in  place  of  ground  oats  and 
corn.  It  is  believed  that  this  deception  is  increasing.  The 
larger  part  of  the  oat  offal  in  the  market  is  sold  at  prices 
much  in  advance  of  its  value. 

Among  the  new  feeds  in  the  market  the  past  year  may  be 
mentioned  dried  distillers'  grains,  — the  residue  in  the  manu- 
facture of  alcohol,  spirits  and  whiskey,  from  the  several 
cereals  ;  and  nutrene  dairy  feed.  This  latter  product  is 
made  in  Louisiana,  and  consists  of  cheap  molasses  soaked 
up  in  oat  clippings  or  similar  material,  with  the  addition  of 
a  little  cotton-seed  meal,  hulls,  etc.  Its  exact  value  is  at 
present  uncertain. 

Attention  was  called  in  the  last  report  to  the  need  of  a 
new  feed  law,  and  the  reasons  therefor  made  as  explicit  as 
possible.     This  need  cannot  be  too  strongly  emphasized -at 


54 


HATCH   EXPEEIMENT   STATION. 


[Jan. 


the  present  time.  A  bill  has  been  prepared  for  presentation 
at  the  coming  session  of  the  Legislatm^e,  and  it  is  hoped  it 
will  receive  the  cordial  support  of  all  consmiiers,  as  well  as 
reputable  manufacturers  and  dealers. 

E.     Execution  of  the  Dairy  Law. 

The  text  of  the  law  (chapter  202,  Acts  of  1901)  may  be 
found  in  the  report  of  this  station  for  1901,  page  150.  The 
law  naturally  resolves  itself  into  three  sections  :  ( 1 )  the 
testing  of  Babcock  glassware  for  accuracy  of  graduation  ; 
(2)  the  examination  of  candidates  for  proficiency  in  operat- 
ing the  test;    (3)  the  inspection  of  Babcock  machines. 

Inspection  of  Glassivare.  —  All  glassware  found  to  be  cor- 
rect is  marked  "  Mass."  Ex.  St.,"  by  means  of  a  sand  blast. 
During  the  first  year  it  was  necessary  to  inspect  the  ware  in 
use  by  all  creameries  and  milk  depots  employing  the  test ; 
now  practically  all  is  received  from  supply  houses  that  keep 
tested  ware  in  stock.  The  total  number  of  pieces  examined 
the  present  year  has  been  2,344,  of  which  5G  pieces,  or  2.4 
per  cent.,  were  found  incorrect.  A  year  ago  5  per  cent, 
were  found  improperly  graduated.  Manufacturers  are  now 
very  careful  concerning  the  accuracy  of  their  product. 

In  testing  glassware,  the  following  limits  of  error  are 
allowed  :  — 


Capacity. 


Single 
Graduation. 


Limit 
of  Error. 


Cream  bottles,  Connecticut, 

Cream  bottles,  Connecticut, 

Cream  bottles,  Bartlett, 

Milk  bottles,  common, . 

Milk  bottles,  Ohlsson,  . 

Milk  bottles,  Wagner,  . 

Skim  milk  bottles,  double  quantity, 

Skim  milk  bottles,  Ohlsson, 

Skim  milk  bottles,  improved  Ohlsson 

Skim  milk  bottles,  AVagner, 

Skim  milk  bottles,  improved  Wagner, 


Pipettes,  cream, 
Pipettes,  milk. 
Acid  measures, 


Per  Cent. 
30-35-40 

.'iO 

25 

10 

5 

8 

2.00 

.50 

.25 

.50 

.25 
Cubic 
Centimetre. 
IS. 00 

17.60 

17.50 


Per  Cent. 
.50 

1.00 

.20 

.20 

.10 

.10 

.10 

.05 

.01 

.05 

.01 

Cubic 

Centimetre. 


Per  Cent. 
.50 

..50 

.20 

.20 

.10 

.10 

.10 

.02 

.01 

.02       . 

.01 

Cubic 

Centimetre. 

.10 

.10 

.20 
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Examination  of  Candidates. — Mr.  E.  B.  Holland  has 
taken  charge  of  this  work.  Last  year  45  candidates  werQ 
examined,  being  principally  the  operators  in  the  employ  of 
Massachusetts  creameries  and  milk  depots.  The  present 
year  13  were  examined  and  given  certificates  of  compe- 
tency. It  is  believed  that  practically^  all  now  using  the 
Babcock  test  as  a  basis  for  payment  have  a  good  understand- 
ing of  the  process,  and  are  capable  of  doing  satisfactory 
work. 

Inspection  of  Babcock  Machines.  —  The  examination  of 
Babcock  machines  has  been  in  charge  of  Mr.  N.  J.  Hunt- 
ing, who  visited  each  creamery  or  milk  depot,  and  made  a 
personal  inspection  of  all  machines  in  use.  At  the  time  of 
presenting  the  last  report  it  was  not  possible  to  state  the 
results  of  the  first  inspection  (1901),  which  showed  20 
machines  to  be  in  good  condition,  11  to  be  in  need  of  re- 
pairs and  9  to  be  entirely  unfit  for  satisfactory  work.  A 
number  of  machines  needed  levelling,  and  several  were 
without  a  steam  gauge  or  speed  indicator.  The  condition 
of  a  machine  frequently  depends  upon  the  operator.  If  he 
is  careful  and  painstaking  in  his  work,  the  tester  is  likely  to 
be  found  in  good  repair.  The  total  cost  of  the  first  inspec- 
tion was  1182.42,  —  $4.56  each.  It  was  impossible  to  ex- 
actly apportion  the  cost  of  examining  each  machine,  so  that 
it  seemed  wiser  to  divide  the  total  cost  of  inspection  b}^  the 
number  of  machines  examined,  the  quotient  being  the  cost 
to  each  creamery.  It  became  necessary,  because  of  the 
number  of  macliines  out  of  condition  or  condemned,  to 
make  a  second  inspection,  the  cost  of  which  was  apportioned 
as  equally  as  possible  among  those  directly  interested.  A 
few  managers  considered  the  cost  excessive,  but  it  was  not 
possible  to  do  the  work  for  less.  Simply  because  one-half 
or  one  hour  was  occupied  in  making  the  actual  examination, 
it  must  not  be  understood  that  the  charge  should  be  only 
for  the  time  thus  employed.  The  entire  cost  covers  the 
time  actually  spent  en  route,  including  occasional  delays,  as 
well  as  travelling  and  hotel  expense.  The  proper  enforce- 
ment of  this  law  has  required  the  expenditure  of  a  great 
deal  of  time  on  the  part  of  the  employees  of  this  division 
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without  any  financial  return.  The  extra  labor  has  been 
cheerfully  given,  however,  with  a  belief  that  it  has  resulted 
in  positive  good  to  both  creameries  and  patrons. 

The  inspection  for  1902  is  in  progress  at  this  ^\Titing  (De- 
cember 10).  The  inspector  states  that  he  finds  nearly  all 
machines  now  in  good  working  condition,  the  improvement 
over  last  year  being  quite  marked. 

It  is  evident  that  the  creamery  law  has  been  of  direct 
benefit  to  the  creameries  of  the  State.  It  has  decidedly 
improved  the  accuracy  of  Babcock  glassware,  taught  many 
operators  to  be  more  careful  in  making  the  test,  given  the 
majority  a  better  understanding  of  the  principles  involved, 
caused  many  Babcock  machines  to  be  put  in  proper  condi- 
tion to  do  accurate  work,  and  replaced  worn  and  antiquated 
machines  with  those  of  modern  construction.  The  total 
expense  to  each  creamery  and  indirectly  to  each  patron  has 
been  merely  nominal. 
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Part  II.  —  Dairy  and  Feeding  Experiments. 


J.    B.    LINDSEY. 


A.     Tests  of  Pure-bked  Cows. 

During  the  past  year  this  division  lias  made  the  following 
milk,  butter  fat  and  butter  tests  for  the  several  cattle  asso- 
ciations, in  accordance  with  their  prescribed  rules  :  — 

Five  cows  were  tested  for  the  Holstein-Friesian  Associa- 
tion, to  ascertain  the  amount  of  milk  and  butter  fat  produced 
during  seven  consecutive  days. 

Nine  cows  are  now  being  tested  for  the  American  Guernsey 
Cattle  Club.  The  amount  of  milk  and  butter  fat  produced 
in  one  day  of  each  month  is  ascertained,  and  upon  this  is 
based  the  monthly  yield. 

Two  cows  are  now  undergoing  a  yearly  milk  and  butter 
fat  test  for  the  American  Jersey  Cattle  Club.  The  amount 
of  milk  and  fat  produced  during  two  consecutive  days  of 
each  month  is  ascertained,  and  upon  this  product  is  based 
the  monthly  yield. 

The  tests  are  all  made  at  the  farms  of  the  several  owners, 
by  or  under  the  supervision  of  a  representative  of  this 
station. 

The  results  of  the  following  confirmed  tests,  made  at  the 
request  of  the  American  Jersey  Cattle  Club,  for  Mr.  C.  T. 
Hood  of  Lowell,  Mass.,  are  sufficiently  instructive  to  war- 
rant their  presentation  in  this  report :  — 


58 


HATCH   EXPERIMENT    STATION.  [Jan. 


Confirmed  Butter  Tests  at  Hood  Farm. 

Elsie  Wolcott. 
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Pounds.  Ounces. 

258.13 

4.96 

12.81 

15               1 

14              10 

.207 

12.60 

12.31 

Betsona  Khfidive  La  Gros. 


18  4 


17  101/3 


227       15.27     14.92 


Figgis. 


293.44 


16.08 


18  15 


19  Vi  -160       15.92     15.85 


Sojihie  Tenth. 


4.59 


12.77 


15      5^2 


160   12.61  12.72 


Oonan  Eighth. 


5.94 


12.58 


14  13 


14  10^2 


1091     1.2.47     12.10 


Broum  Bessie  Forty-Sixth. 


210.38 


11.41 


13  7 


13  8V2 


171       11.24     11.16 


Nora  of  Argyle. 


276.44 


17       4 


216   14.43  14.25 


Oonan  Fourteenth. 


4.42  12.71 


15 


15      3 


308   12.40  12.41 


Hood  Farm  Belle. 


260.31     4.66  12.13     14 


221   11.91  11.41 


Oonan  Seventh. 


289.20 


14  2^2 


.820* 


11.92 


11.46 


1  Fat  in  buttermilk  not  included.        ^  Buttermilk  contained  1.4  per  cent,  of  fat. 
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The  first  three  columns  show  the  total  milk  produced  in 
seven  days,  the  average  per  cent,  of  fat  it  contained,  and  the 
pounds  ol'  butter  fat  actuall}^  produced  by  each  animal. 

The  fourth  column  indicates  the  equivalent  of  this  butter 
fat  in  85  per  cent,  butter,  and  the  fifth  column  shows  the 
amount  of  butter  actually  churned.  There  are  no  wide  va- 
riations between  estimated  and  actual  butter,  ^  which  means 
that  the  butter  was  of  normal  composition. 

The  sixth  column,  entitled  "Fat  lost,"  etc.,  means  the 
entire  amount  of  fat  contained  in  the  skim  milk  and  butter- 
milk, and  in  the  milk  used  in  Babcocking.  The  average  per 
cent,  of  fat  in  the  skim  milk  was  .031  per  cent.,  and  in  the 
buttermilk  (excepting  Oonan  Seventh),  .061  percent.  In 
only  two  cases  did  the  buttermilk  show  .15  or  more  per 
cent,  of  fat. 

The  seventh  column  shows  the  fat  available  for  butter, 
and  is  obtained  by  deducting  the  fat  lost  in  the  manufac- 
turing process  from  the  entire  quantity  of  fat  produced. 

The  eighth  column  contains  the  quantity  of  f^t  actually 
recovered  in  the  butter,  as  ascertained  by  chemical  analysis. 
Theoretically,  the  seventh  and  eighth  columns  should  agi'ee. 
In  five  out  of  the  ten  results  this  is  practically  the  case  ;  the 
other  five  show  discrepancies,  which  must  be  charged  to 
errors  in  manipulation.  The  differences  in  case  of  Hood 
Farm  Belle  and  Oonan  Seventh  are  excessive.  Of  the 
133.38  pounds  of  fat  produced  by  the  ten  animals,  128.59 
pounds,  or  96.41  per  cent.,  were  recovered  in  the  butter, 
showing  a  loss  of  3.59  per  cent.,  in  the  entire  manufacturing 
process. 

The  butter  was  made  by  the  regular  Hood  farm  butter 
maker.  Samples  of  each  lot  were  taken  at  once  by  the 
tester,  and  sent  to  the  Experiment  Station  for  analysis.  In 
six  cases  two  lots  of  butter  were  made  from  the  cream  pro- 
duced in  seven  days,  and  in  four  cases  the  entire  cream 
produced  during  the  period  was  churned  at  one  time.  The 
following  table  gives  the  analysis  of  the  butter  made  from 
the  fat  produced  by  each  animal :  — 

'  There  is  one  exception  in  case  of  Oonan  Seventh,  due  to  the  loss  of  consid- 
erable fat  in  the  buttermilk. 
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Analyses  of  Butter 


^ 

J3 

.c" 

.2.a 

6 

■n 

aj 

.a 

Constituents. 

§ 

o 

00 

a 

o 

fcc 

5 

0 

^1 

3 
a 

g 

flCO 

.a 

OS 

Ifb 

cj 

S 

« 

OS 

t^ 

o 

be, 

a 

a 
o 

2fe 

O 

o 

o 

M 

PQ 

^ 

CD 

O 

M 

;z; 

O 

W 

o 

( 

n.45 

11.74 

14.36 

)                ( 

15.37 

13.56 

)         ( 

13.28 

) 

Water,       .       .    \ 

13.98  \ 

[  12.37  \ 
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I 
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)            I 

14.35 
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i  84.82  1 
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( 
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Curd,         .       .   \ 

.76 

i      .90  { 

.26 

1.16 
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.80 
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.87 
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.77 

)            ( 

.72 

The  extremes  in  the  percentage  of  butter  fat  were  78.98 
and  86.37  per  cent.,  and  in  the  percentage  of  water,  salt 
and  curd,  13.63  and  21.02.  The  average  composition  of 
the  16  samples  was:  water,  14.03  per  cent.;  fat,  82.88; 
salt,  2.45;  and  curd,  .74. 

The  Babcock  machine  in  the  hands  of  the  tester  has 
shown  how  much  butter  fat  the  cow  has  actually  produced, 
and  how  much  has  been  lost  in  the  process  of  manufacturing 
the  same  into  butter.  The  chemist  has  demonstrated  the 
amount  of  butter  fat  actually  recovered  in  the  form  of  but- 
ter, and  his  results  in  eight  out  of  the  ten  cows  closely  agree 
with  those  obtained  by  the  Babcock  machine  (total  butter  fat 
produced  minus  fat  lost) .  The  chemist  further  gives  evi- 
dence that  the  butter  produced,  while  it  varied  somewhat  in 
composition,  was  of  normal  character. 

It  is  clear  from  the  above  data  that  the  amount  of  butter 
fat  produced  by  the  cow  furnishes,  to  say  the  least,  accurate 
and  consequently  satisfactory  evidence  of  her  butter-produc- 
ing capacity. 

The  results,  taken  as  a  whole,  reflect  much  credit  upon 
the  work  done  by  the  testers  and  butter  maker. ^ 

^  These  confirmed  tests  were  made  by  Messrs.  F.  R.  Church,  "W.  A.  Conant, 
E.  S.  Fulton  and  B.  Tupper.     In  each  case  the  work  was  very  carefully  done. 
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B.     Tests  or  Fly  Preventives. 

For  the  past  two  years  this  division  has  made  a  trial  of  a 
number  of  so-called  fly  removers.  These  materials  are  gen- 
erally sold  at  retail  for  from  one  to  one  and  one-half  dollars 
a  gallon.  No  effort  was  made  to  ascertain  the  exact  compo- 
sition of  each.  They  appeared  to  consist  largely  of  some 
oil  such  as  crude  petroleum,  to  which  more  or  less  pine  tar 
had  been  added.  In  one  case  fish  oil  was  noticed,  and  in 
another  light  coal  tar  oil.  "When  not  too  thick,  they  were 
applied  with  a  Woodason  or  Aspinwall  sprayer  ;  otherwise, 
a  four-inch  varnish  brush,  dipped  in  the  liquid,  was  very 
lightly  drawn  over  the  animals.  The  latter  method  is  less 
satisfactor}^  for  the  reason  that  it  is  hardly  possible  to  avoid 
putting  on  an  excess ;  in  which  case  it  forms  a  sticky  mass 
with  the  hair,  to  which  the  dust  adheres,  giving  the  animals 
a  very  untidy  appearance. 

Brands  and  Manufacturers. 


Brakd. 

Manufacturer. 

Location. 

1. 

Sure  Thing, 

Empire  State  Shaft  Coupling  Com- 

Utica,  N.  Y. 

2. 

Cattle  Comfort, 

Hammond  Slug  Shot  Works,     . 

Fishkill,  N.  Y. 

3. 

Stop  Fly,     .... 

Standard  Oil  Company, 

New  York,  N.  Y. 

4. 

Norwood  Sanitary  Fluid, 

Smith,  Kleine  &  French  Company,  . 

Philadelphia,  Pa. 

5. 

Flylene 

American  Glucose  Works, 

Camden,  N.  Y. 

6. 

Shoo  Fly 

Shoo  Fly  Manufacturing  Company, 

Philadelphia,  Pa. 

7. 

Eli  Fly  Chaser, 

Vail  Seed  Company,    .... 

Indianapolis,  Ind. 

8. 

Eureka 

J.  H.  Ames  Company, 

Bowdoinham,  Me. 

9. 

Kippley's  Fly  Remover,  . 

Rippley  Hardware  Company,  ." 

Grafton,  111. 

10. 

Cyphers  Anti-fly  Pest,     . 

Cyphers  Incubator  Company,  . 

Boston,  Mass. 

Results  vnth  Cows. 

The  COWS  were  treated  in  the  morning  before  being  turned 
out  in  the  yard,  and  again  at  night  before  milking.  They 
were  observed  at  frequent  intervals  during  the  day,  in  order 
to  note  the  effect  of  each  particular  brand. 

1.  Sure  Thing.  —  Applied  as  spray.  Keeps  off  flies  for 
a  short  time,  but  not  lasting  in  its  effects. 


62  HATCH   EXPEEIMENT   STATION.         [Jan. 

2.  Cattle  Comfort.  —  Applied  as  spray.  Not  very  satis- 
factor}' . 

3.  Stoj)  FJij.  —  Applied  as  spray.  Favorable  effect  dis- 
appeared in  one-half  hour. 

4.  Norwood  Sanitary  Fluid,  —  Applied  as  spraj^  This 
material  is  unquestionably  crude  creolin  ;  it  is  yqvj  valuable 
as  a  disinfectant,  but  not  satisfactory  as  a  fly  remover. 

5.  Flijlene.  —  Ver}''  effective,  keeping  the  flies  oft*  for  a 
loni;-  time. 

6.  iShoo  Fhj. — Applied  with  brush.  It  was  fairly  ef- 
fective in  keeping  off  small  flies,  but  not  the  large  house  fly. 

7.  Fli  Fly  Chaser, — Applied  with  brush.  Same  as 
No.  6. 

8.  Eureha. — Fairly  satisfactory.  Weather  cool,  and  trial 
consequently  not  as  thorough  as  others. 

9.  Uijjjjley's  Fly  liemover.  — Keeps  small  flies  ofi"  for  a 
short  time.     One  year's  trial. 

10.  Cyj)hers.  —  Keeps  flies  off  for  a  short  time.  Onh'  one 
year's  trial. 

Tests  with  Other  /Substances, 

11.  Li(/ht  Coal  Tar  OIL— This  is  the  lighter  of  the  tAvo 
oils  derived  from  tar.  It  was  obtained  through  the  courtesy 
of  the  Pocahontas  Collieries  Compan}' ,  Pocahontas,  Va.  It 
appears  as  a  dark,  thin  oil,  with  a  strong  creosote  odor.  It 
was  applied  as  a  spray,  and  gave  quite  satisfactory  results. 

12.  Recommended  by  J.  31.  W.  Kitchen,  21.1).  —  One 
pound  resin,  one-half  pound  caustic  potash,  tAvo  pounds 
whale  oil  soap  (chipped),  two  quarts  water.  Boil  these 
until  all  united  into  a  smooth  liquid,  then  add  one  pound 
pine  tar  and  one  pint  kerosene.  Thin  down  if  necessary 
with  Avatcr  and  kerosene.  This  mixture  was  quite  thick  and 
heavy.  It  was  applied  lightly  with  a  brush,  but  was  not 
effective. 

13.  Recoymnended .  —  One-half  tea  cup  bi-sulphide  carbon, 
in  which  dissolve  one  tablespoonful  pine  tar,  stirring  thor- 
oughh^  until  tar  is  dissolved,  and  then  add  one  (juart  kerosene 
or  crude  petroleum,  and  a])ply  as  a  spray.  This  mixture  was 
quite  effective  for  a  few  hours,  imtil  the  carbon  bi-sulphide 
had  evaporated.     It  nuist  be  kept  in  glass-stoppered  bottles. 
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HcsuUs  with  Horses. 
The  agricultural  division  of  this  station  gave  a  number  of 
these  articles  a  test  with  work  liorses,  applying  the  same  with 
an  Aspinwall  sprayer. 

1.  jSure  Thing.  — Keeps  flies  off"  well  for  about  five  hours  ; 
the  large  green  fly  does  not  mind  it.      Gums  horse  some. 

2.  Cattle  Comfort.  — Lasts  about  three-fourths  of  a  day. 
Gums  horses. 

3.  Stop  Fly. — Inefl'ective. 

4.  JVoi'wood  Sanitary  Fluid.  —  Inefl'ective. 

5.  FlyJene. — Keeps  flies  ofl'  well,  and  gums  horses  but 
little.     Very  satisfactory. 

6.  Eli  Fly  Chaser. — Quite  satisfactory,  and  equal  to 
No.  5.     Does  not  gum  badly. 

7.  Eureha.  —  Same  as  No.  6. 

8.  Cyphers. — Protects  for  short  time  only  and  gums 
badly. 

General  Conclusions, 

(«)  Quite  satisfactory:  1.  Flylene ;  2.  Eureka;  3.  Eli 
Fly  Chaser  ;   4.   Shoo  Fly  ;    5.   Light  coal  tar  oil. 

{b)  Less  satisfactory:  1.  Sure  Thing;  2.  Cattle  Com- 
fort; 3.  Rippley's  Fly  Remover;  4.  Cyphers  Anti-fly  pest; 
5.  Recommended  mixture  No.  13. 

(c)  Unsatisfiictory  :  1.  Norwood  Sanitary  Fluid  ;  2.  Stop 
Fly  ;  3.  Recommended  mixture  No.  12. 

The  only  objection  to  those  marked  "quite  satisfactory" 
is  their  cost.  It  is  hoped  that  we  shall  be  able  to  find  some 
cheaper  and  equally  efi^ective  substance  or  mixture.  The 
most  promising  substance  is  the  light  coal  tar  oil.  Even  at 
the  present  cost  of  the  commercial  articles,  it  is  believed 
their  use  is  warranted,  because  cows  remain  much  quieter, 
and  horses  work  better  and  require  less  attention  from  the 
driver. 

C.     Summer  Forage  Crops. 

{a)  Winter  Wheat  and  Sand  or  Hairy  Vetch. 
This  mixture  of  a  non-le2:ume  and  leo^ume  has  been  tried 
for  a  number  of  years  at  the  station,  and  has  proved  to  be 
an  early  and  desirable  spring  green  fodder.     The  only  ob- 
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jection  is  to  be  found  in  the  present  cost  of  the  vetch  seed, 
—  $5  or  more  a  bushel.  This  excessive  cost  is  due  to  the 
fact  that  the  vetch  is  a  poor  seeder,  and  frequently  sheds  its 
seeds  before  they  can  be  harvested. 

History  of  the  Several  Trials.  —  The  first  planting  of  this 
mixture,  Aug.  1,  1898,  winter-killed,  in  all  probability, 
owing  to  the  fact  that  the  seed  Avas  sown  too  early. 

The  second  planting,  made  Aug.  25,  1899,  in  the  propor- 
tion of  2  bushels  of  wheat  to  iy2  bushels  of  vetch,  wintered 
well,  and  made  a  fine  spring  growth.  Cutting  began  May 
31,  and  the  yield  was  at  the  rate  of  10  tons  to  the  acre. 

The  third  planting  was  made  Aug.  24,  1900,  with  equal 
quantities  of  wheat  and  vetch  seed.  The  autumn  of  that 
year  was  extremely  dry,  and  the  wheat  killed  out  to  some 
extent,  so  that  the  vetch  predominated.  The  following 
spring  was  wet  and  cold,  —  a  condition  which  appeared  to 
favor  the  growth  of  the  vetch  at  the  expense  of  the  wheat. 
At  the  time  of  cutting.  May  30,  the  vetch  had  completely 
covered  the  wheat  in  spots,  and  had  lodged  badly.  The 
vetch  roots  were  full  of  the  characteristic  nodules.  The 
weight  of  the  entire  yield  was  not  obtained,  but  a  conserv- 
ative estimate  places  it  at  (3  to  7  tons  to  the  acre. 

The  fourth  planting  (%  acre),  made  Sept.  3,  1901,  at  the 
rate  of  II/2  bushels  of  Rural  New  Yorker  No.  6  wheat  and  1 
bushel  of  vetch  to  the  acre,  wintered  well,  and  cutting  began 
May  28,  at  which  time  the  mixture  was  from  21^  to  3  feet  high. 
At  that  time  the  wheat  was  about  ready  to  show  the  head, 
and  scattered  vetch  blossoms  were  noticed.  When  in  full 
bloom  the  mixture  stood  from  3^/^  to  4  feet  high.  The  total 
yield  was  6,545  pounds,  equivalent  to  9.5  tons  to  the  acre. 

Further.  Use  of  the  Land.  —  Immediately  after  the  removal 
of  this  crop  the  land  was  ploughed,  a  light  dressing  of  ma- 
nure applied,  and  seeded  with  Longfellow  corn.  A  yield  (the 
past  season)  of  35,362  pounds  (17.68  tons)  of  fairly  well- 
eared  green  fodder  to  the  acre  was  secured.  The  land  was 
light  and  the  i-ainfall  excessive,  which  conditions  Averc  favor- 
able, excepting  lack  of  heat,  for  fodder  production.  The 
total  product  of  this  piece  of  land  for  one  year  (first  sown 
to  wheat  and  vetch,  and  followed  by  corn)  was  at  the  rate 
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of  8,622  pounds  of  dry  matter  to  the  acre,  being  equivalent 
to  fully  5  tons  of  well-cured  hay.  It  is  not  to  be  expected 
that  such  quantities  could  be  obtained  yearly  under  average 
conditions,  for  the  land  could  not  be  as  fully  utilized.  It  is 
interesting  to  note,  however,  the  quantity  of  fodder  that 
ma}^  1)6  secured  from  an  acre  of  land  in  an  average  state  of 
fertility,  when  climatic  conditions  are  favorable  and  the  land 
is  occupied  the  entire  season. 

Best  Method  of  grouniuj  Wheat  and  Vetch. — The  land 
should  bo  ploughed,  harrowed  if  necessary,  manure  spread  at 
the  rate  of  4  to  6  cords  to  the  acre,^  harrowed  in  ;  a  mixture 
of  1^2  bushels  of  wheat  and  1  bushel  of  vetch  sown  broad- 
cast about  September  1,  and  covered,  not  too  deeply  with 
a  wheel  or  other  harrow.  Cutting  should  begin  just  be- 
fore the  wheat  heads  appear,  which  in  this  locality  is  the 
last  of  May.  The  green  crop  will  remain  in  feeding  condi- 
tion for  twelve  to  fourteen  da3\s.  If  more  of  the  fodder 
mixture  has  been  produced  than  can  be  fed  green,  the  bal- 
ance may  be  made  into  hay.  The  vetch  seed  may  be  pro- 
cured of  New  York  seedsmen. 

Ccniposition  of  Wheat  and  Vetch. 


Green 

Fodder. 

Dried  Fodder. 

Constituents. 

No.  1. 

No.  2. 

No.l. 

No.  2. 

Water 

Per  Cent. 
83.40 

Per  Cent. 
79.60 

Per  Cent. 
11.90 

Per  Cent. 
13.70 

Ash 

1.50 

1.76 

7.97 

5.22 

Protein, 

3.25 

3.14 

17.07 

10.93 

Fibre, .        r 

5.13 

5.98 

28.38 

29.51 

Extract  matter, 

6.24 

8.92 

32.52 

38.70 

Fat 

.48 

.60 

2.16 

1.94 

100.00 

100.00 

100.00 

100.00 

The  percentage  of  protein  in  the  mixture  is  dependent  to 
an  extent  upon  the  quantity  of  vetch  present.     In  case  of 


*  Fertilizer  maybe  used  in  place  of  manure,  at  the  rate  of  50  pounds  of  nitrate 
of  soda,  300  pounds  of  acid  phosphate  and  200  pounds  of  muriate  of  potash  to  the 
acre.  In  the  spring  a  top-dressing  of  60  to  100  pounds  of  nitrate  of  soda  will 
prove  beneficial. 
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sample  No.  1  of  both  the  green  and  dry  fodder,  the  vetch 
predominated.  In  case  of  sample  No.  2  of  the  dry  fodder, 
the  wheat  was  probably  in  excess.  In  fodder  combinations 
it  is  difficult  to  secure  an  even  distribution  of  the  several 
plants.  The  mixture  of  11-^  bushels  of  wheat  and  1  bushel 
of  vetch  per  acre  is  satisfactory,  does  not  lodge,  and  will 
show  from  12  to  15  per  cent,  of  protein  in  a  thoroughly 
air-dry  condition. 

Dif/esfibilift/  of  Winter  Wheat  and  Sand  Vetch.  —  Five 
digestion  trials  have  been  made  with  two  different  samples 
of  green  fodder,  and  six  trials  with  two  samples  of  the 
dried  material :  — 


°5 

Fodders. 

o 

U  m 

'A 

o 

.So 

S 

y.    ^ 

a 
o 

VI. 
VII. 

Wheat  and  vetch  (greeu), 

Wheat  and  vetch  (green), 

Average,       .... 

Wheat  and  vetch  (dry),  same 

as  Series  VI.  (green). 
Wheat  and  vetch  (dry) ,   . 

Average,       ..... 

Dent  fodder  corn  (milk;,  for 

comparison. 
Oats   and    peas    (bloom),  for 

comparison. 

3 
2 

67.54 
70.13 

42.47 
43.59 

76.27 
70.92 

66.05 
70.50 

71.13 
75.05 

55.65 
57.92 

VII. 
VII. 

5 
3 
3 

68.58 
68.33 
64.50 

42.92 
59.41 
35.20 

74.13 
76.86 
70.77 

67.83 
64.47 
64.59 

72.70 
69.71 
66.75 

56.56 
63.46 
63.75 

6 
9 
5 

66.42 
70.00 
70.00 

47.31 
49.00 

73.82 
61.00 
74.00 

64.53 
64.00 
64.00 

68.23 
76.00 
72.00 

63.61 
78.00 
64.00 

The  several  digestion  trials  make  it  clear  that  the  wheat 
and  vetch  mixture  is  as  digestible  as  either  fodder  corn  or 
oat  and  pea  fodder.  They  also  show  this  fodder  when  dried 
under  normal  conditions  to  be  as  digestible  as  when  fed 
green. 

General  Conclusions. 

1.  Wlieat  and  sand  vetch  is  a  hardy  fodder  mixture. 

2.  When  sown  the  previous  autumn,  it  will  be  ready  to 
cut  the  last  of  May,  and  is  considered  preferable  to  rye. 

3.  It  will  yield  about  10  tons  of  green  material  to  the 
acre  under  average  conditions,  and  in  composition,  digesti- 
bility and  feeding  value  it  fully  equals  peas  and  oats  and 
similar  crops. 
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4.  Because  of  the  present  cost  of  vetch  seed,  it  is  doubtful 
if  the  ordinary  dairyman  can  aflbrd  to  groAv  it ;  but  the  milk 
producer  in  the  vicinity  of  profitable  markets,  who  cultivates 
intensively,  may  find  it  a  satisfactory  source  of  early  green 
feed. 

5.  Wheat  seeded  by  itself  in  early  September  makes  a 
fairly  satisfactory  early  soiling  crop,  and  is  to  be  preferred 
to  rye. 

6.  The  dried  wheat  and  vetch  fodder  if  cut  when  in  bloom 
is  preferable  to  ordinary  hay  for  milk,  but,  on  account  of 
the  increased  cost  of  production,  it  would  hardly  be  con- 
sidered profitable  as  a  hay  substitute. 

(b)    Corn  and  Soy  Beans. 

Attention  has  already  been  called  (in  Bulletin  No.  72)  to 
the  value  of  this  fodder  combination  for  August  and  Sep- 
tember soiling.  The  present  season  about  one-third  of  an 
acre  was  grown.  In  early  September  the  beans  were  pod- 
ding and  the  corn  was  fairly  well  eared,  l)ut  the  ears  were 
only  partially  developed.  The  mixture  was  cut  and  bound 
successfully  October  4,  with  the  Deering  corn  harvester, 
at  which  time  the  bean  stalks  were  quite  tough,  the  bean 
pods  filled  and  the  corn  kernels  glazed.  This  is  the  first 
attempt  made  to  cut  the  corn  and  bean  mixture  with  a 
harvester.  A  larger  area  will  be  planted  another  season,  in 
order  to  see  if  the  mixture  can  be  economically  handled  for 
silage. 

Corn  and  soy  bean  silage  was  grown  and  used  at  this  sta- 
tion diu-ing  1895  and  189(5.  At  that  time  the  corn  and 
beans  were  grown  in  separate  fields.  The  silo  was  filled  in 
the  proportion  of  two-thirds  corn  and  one-third  beans.  The 
silage,  was  satisfactory,  eaten  clean,  and  furnished  30  per 
cent,  more  protein  than  did  corn  silage.  It  was  believed  at 
the  time,  however,  that  the  increased  cost  of  handling  the 
two  crops  when  grown  separately  more  than  counterbalanced 
the  value  of  the  additional  protein  secured.  If  it  proves 
economical  to  grow  and  handle  the  two  together,  it  will 
in  a  measure  aid  in  increasing  the  supply  of  home-grown 
protein. 
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(c)    Soy  Beans  v.  Cow  Peas. 

Much  is  being  said  in  the  agricultural  press  concerning 
the  home  production  of  protein,  and  this  division  receives 
frequent  inquiries  concerning  the  relative  merits  of  soy 
beans  and  cow  peas  for  this  purpose. ^ 

During  the  past  season  the  following  varieties  of  cow 
peas  were  tested  :  Whippoorwill,  Black,  Extra  Early  Black 
and  Warren.  Althouofh  seeded  the  first  of  June,  thev  o^rew 
but  little  until  late  in  July,  the  unusually  cool  season  being 
decidedly  unfavorable  to  their  development.  Tlie  Whip- 
poorwill and  Black  produced  a  few  blossoms  early  in  Sep- 
tember. The  former  yielded  about  5  and  the  latter  7  tons 
of  green  fodder  to  the  acre.  The  seed  of  the  Whippoorwill 
did  not  come  up  as  well  as  did  the  Black. 

The  Extra  Early  Black  seeded  fully  in  September,  but 
the  growth  was  not  sufficient  to  warrant  its  use  for  green 
feed. 

The  Warren  blossomed  some,  but  did  not  grow  to  suffi- 
cient size  to  be  suitable  for  forage  purposes. 

The  Whippoorwill  and  the  Black  are  probably  the  best 
suited  to  northern  conditions. 

In  comparing  the  relative  merits  of  the  two  legumes,  it 
may  be  said  that  the  stem  of  the  cow  pea  is  softer  than  that 
of  the  soy  bean,  and  that  the  crop  does  its  best  in  very  warm 
weather,  and  is  likely  to  succeed  better  than  the  soy  bean' 
upon  light,  sandy  soils,  naturally  deficient  in  moisture. 

The  medium  green  soy  bean,  on  the  other  hand,  prefers  a 
medium  moist  loam,  and  will  yield  more  dry  food  material, 
and  especially  more  seed  to  the  acre  at  moderate  temper- 
atures, than  the  cow  pea.  The  cow  pea  is  better  suited 
to  southern,  and  the  soy  bean  to  northern  conditions,  and 
the  latter  is  regarded  as  decidedly  preferable  in  New 
England. 

*  This  division  is  giving  what  is  termed  the  "  protein  problem  "  considerable 
attention.  While  the  growing  of  soy  beans,  cow  peas  and  clover  will  in  many 
cases  prove  economical,  it  is  believed  that  the  majority  of  Massachusetts  dairy- 
men will  be  obliged  to  purchase  at  least  a  portion  of  tlieir  protein  in  the  form 
of  cotton-seed  meal,  gluten  or  other  nitrogenous  meals,  and  depend  upon  the 
farm  for  the  production  of  the  carbohydrates  in  the  form  of  hay  and  corn. 
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I).     The  Pkntosans. 


J.    v..    LINDSEV, 


(«)    Character  of  Plant  Tissue. 

Various  investigations  liave  shown  that  the  larger  part  of 
the  cellular  structure  of  vegetables  and  coarse  fodders  con- 
sists:^ (1)  of  substances  insoluble  in  water,  but  soluble  in 
dilute  mineral  acids,  and  which  are  classified  as  hemi-cellu- 
loses ;  (2)  of  substances  insoluble  to  any  extent  in  dilute 
mineral  acids,  alkali,  or  F.  Schulze's  reagent,  and  which  are 
turned  blue  b}'^  sulphuric  acid  and  iodine,  namely,  the  true 
celluloses  ;  (3)  of  lignin  acids,  which  compose  one-third  to 
one-half  of  the  true  woods,  but  exist  only  in  small  quan- 
tities, if  at  all,  in  the  soft  new  cells  of  young  plants  and 
vegetables. 

Under  the  hemi-celluloses^  belong  the  mother  substances 
dextran,  Itevulan,  mannan,  galactan  and  pentosans  (araban 
and  xylan),  which  on  inversion  yield  dextrose,  la3vulose, 
mannose,  glactose,  arabinose  and  xylose.  These  hemi-cel- 
luloses  are  intermixed  and  perhaps  chemically  united  to  the 
true  celluloses  and  ligno-celluloses  in  the  cell  Avails  of 
plants  and  seeds.  In  some  cases  they  have  been  recognized 
as  reserve  material,  and  are  used  as  food  in  the  sprouting 
of  the  seed. 

The  true  celluloses,  upon  being  dissolved  in  strong  sul- 
phuric acid,  and  the  resulting  product  hydrolyzed  with  dilute 
acid,  yield  dextrose  as  a  rule,  hence  the  name  dextroso  cel- 
lulose. Schulze  has  also  recognized  mannose  and  xylose, 
consequently  there  exist  dextroso,  mannoso  and  pentoso 
celluloses. 

*  This  classification  does  not  include  amyloid,  a  substance  soluble  in  water, 
and  yielding  various  sugars  by  hydrolysis.  See  Winterstein,  Zeitsch.  f .  physiol. 
Ciiem.,  15, 1892;  also  Agricultural  Science,  1893,  p.  162. 

-  See  varioxis  publications  of  E.  Schiilze  in  Zeitsch.  f.  physiol.  Chem. 
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The  lignin  acids  are  probably  strongly  united  to  the  dex- 
trose cellulose,  and  it  seems  reasonable  to  suppose  also  to 
the  pentoso  cellulose. 

(b)  Recognition  of  the  Pentosans. 
By  treating  wood  with  dilute  alkali,  and  precipitating  the 
extracted  material  with  alcohol  and  hydrochloric  acid,  Th. 
Thomson^  obtained  a  substance  termed  wood  gum  (Holz- 
gummi)  ;  and  by  inversion  Koch^  secured  wood  sugar  or 
xylose,  which  was  carefully  examined  by  Wheeler,^  Allen* 
and  Tollens,  and  declared  to  be  a  pentose  (C^ff^O'').  The 
mother  substances  in  wood  gum  and  also  in  cherrj^  gum^ 
contain  less  water  than  the  pentoses,  and  are  termed  pen- 
tosans (C^H^O*) .  The  substance  yielding  xylose  was  termed 
xylan,  and  that  yielding  arabinose,  araban. 

(c)  Methods  for  Determination  of  Pentosans. 

After  wood  gum  and  the  resulting  sugar  had  been  care- 
fully studied,  it  became  necessary  to  obtain  a  method  for 
their  quantitative  determination,  in  order  to  note  to  wliat 
extent  they  occurred,  especially  in  agricultural  products. 
The  first  experiments  were  made  by  Stone,  Wheeler,  Allen 
and  Tollens,*^  by  dissolving  the  substance  in  hydrochloric 
acid,  precipitating  the  furfural  with  ammonia,  and  weighing 
the  resulting  furfuramid. 

Gunther^  and  Tollens  distilled  with  hydrochloric  acid  of 
1.06  specific  gravit}^,  and  titrated  the  distillate  with  acetate 
of  phenylhydrazine,  using  analine  acetate  as  indicator. 

Stone  ^  proposed  a  method  in  which  he  titrated  the  dis- 
tilled furfural  with  a  dilute  solution  of  phenylhydrazine  of 
known  streno;th.  usino:  Fehlinof  solution  as  indicator. 

De  Chalmot^  and  Tollens  precipitated  the  furfural  distillate 

1  Journal  for  Pract.  Chem.,  19,  (2)  p.  146. 

-  Pharm.  Zeitsch.  fiir  Russland,  25,  p.  619,  635,  651. 

^  Liebig's  Ann.  Chem.,  254,  p.  304. 

*  Liebig's  Ann.  Chem.,  260,  pp.  289-306. 

"  From  cherry  gum,  Scheibler  first  obtained  the  arabinose  (C'H'"0"). 

"  Loco  citato. 

'  Berichte,  23,  p.  1751 ;  24,  p.  3575. 

*  Journal  of  Analyt.  and  Applied  Chem.,  Vol.  V,  No.  8,  p.  421. 
"  Berichte,  24,  p.  3579. 
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with  acetate  of  phenylhydrazine,  dried  and  weighed  the  pre- 
cipitate in  glass  tubes.  This  metliod  was  further  studied 
and  improved  b}?^  Flint,^  Mann^  and  Tollens,  and  was  desig- 
nated the  phenylhydrazine  method.  The  Association  of 
Official  Agricultural  Chemists  adopted  this  method  at  its 
meeting  in  1895,  and  later  it  was  slightly  modified  by 
Krug.^ 

Hotter*  recommended  that;  in  place  of  phenylhydrazine,  a 
portion  of  the  furfural  distillate  be  heated  in  closed  glass 
tubes  with  pyrogallol,  and  that  from  the  weight  of  the  re- 
sulting precipitate  be  calculated  the  percentage  of  furfural. 

Counciler^  suggested  that  phloroglucol  be  employed  in- 
stead of  the  pyrogallol,  for  the  reason  that  the  union  of  the 
furfural  with  the  phloroglucol  would  take  place  at  ordinary 
temperature.  Kriiger,^  Rimbach^  and  Tollens  studied  and 
perfected  the  method,  and  recommended  it  as  reliable  for 
the  determination  of  pentosans  in  coarse  fodders,  grains  and 
vegetables.  The  Association  of  Official  Agricultm-al  Chem- 
ists adopted  the  phloroglucol  method  as  recommended  by 
Ki'iiger  and  Tollens  in  1897,  as  a  provisional  method  with 
slight  modifications,  the  most  important  of  which  Avas  the 
use  of  the  Gooch  crucible  in  place  of  filter  paper  for  collect- 
ing the  precipitate.  Krober^  and  Tollens  have  recently 
published  the  results  of  a  very  exhaustive  investigation  of 
the  phloroglucol  method,  together  with  a  complete  table  for* 
converting  any  weight  of  phloroglucid  between  .030  and 
►300  gram  into  furfural,  arabinose,  araban,  xylose,  xylan, 
pentose  and  pentosans.  The  principal  conclusions  were  as 
follows  :  — 

1.  That  the  results  are  not  influenced  by  the  length  of 
time  (over  fifteen  hours)  the  precipitate  stands. 

2.  That  the  phloroglucid  is  best  collected  in  a  Gooch 
crucible. 

^  Berichte,  25,  p.  2912;  Landw.  Vers.  Stat.,  42,  p.  381. 

2  Zeitsch.  f.  Angw.  Chem.  1896,  p.  33,  194. 

^  Bulletin  49,  Division  of  Chemistry,  U.  S.  Department  of  Agriculture. 

*  Chemiker  Zeitung,  1893,  p.  1743. 

^  Chemiker  Zeitung,  1894,  No.  51. 

«  Zeitsch.  fur  Angw.  Chem.,  1896,  Heft  2. 

'  Inaug.  Diss.  Gottingen,  1898. 

«  Journal  f.  Landw.,  1900,  p.  357 ;  1901,  p.  7. 
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3.  That  the  precipitate  should  be  washed  with  small  quan- 
tities of  water,  and  should  not  be  allowed  to  become  dry 
during  the  washing. 

4.  That  the  presence  of  diresorcol  in  the  phloroglucol 
does  not  affect  the  results.^ 

5.  That  the  precipitate  be  dried  four  hours  in  a  water 
bath,  and  that  the  Gooch  crucible  be  kept  in  a  glass  bottle 
diu'ing  the  drying,  and  be  weighed  in  the  glass-stoppered 
bottle  after  cooling,  in  order  to  prevent  the  hydroscopic 
phloroglucol  from  taking  on  water. 

The  Association  of  Official  Chemists  at  its  1902  meeting 
adopted  Krober's  formulae  and  tables  for  calculating  the 
results . 

While  the  phloroglucol  method  has  been  perfected,  it  can 
still  be  regarded  only  as  a  conventional  method.  Further- 
more, the  fact  must  not  be  overlooked  that  other  substances 
besides  pentosans  yield  furfural.  Thus  Tollens^  and  his 
earlier  pupils  have  shown  that  glycuronic,  euxanthic  and 
urochloi^alic  acids  yield  furfural  on  distillation  with  hydro- 
chloric acid,  and  Cross  and  Bevan^  have  obtained  furfural 
from  oxycellulose.  Widstoe*  and  others^  have  also  shown 
that  methyl  pentosans  C^H''(CH)^0**  frequent!}'  accompany 
the  true  pentosans,  and  upon  distillation  yield  methyl  fur- 
fural C5H3(CH)302  -I-  2H20  and  is  likewise  precipitated  by 
phloroglucol.  Fraps^  finds  that  the  hydrochloric  acid  dis- 
tillate from  hay  yields  on  standing,  besides  furfural,  a  black 
precipitate  and  other  substances  which  are  precipitated  by 
phloroglucol.     These  latter  he  termed  furaloids. 

Cross  and  Bevan ''  have  applied  the  term  furfuroids  in  place 
of  pentosans  to  all  furfural-yielding  substances.  Tollens, 
on  the  other  hand,  as  well  as  Stone, ^  believe  it  preferable 
to  retain  the  old  name. 

*  This  statement  has  been  disputed  by  American  chemists  (see  especially 
Fraps,  Bulletin  No.  172,  North  Carolina  Experiment  Station). 

''  Loco  citato. 

^  Berichte,  27,  p.  1061. 

*  Berichte,  33,  p.  143. 

■>  Zeitsch.  fiir  Angw.  Chem.,  1902,  Heft  20,  p.  481. 
«  Am.  Chem.  Jour.,  25,  p.  501. 

'  Chemical  News,  1894;  Am.  Cliem.  Jour.,  22,  p.  034. 
»  Chemical  News,  1895,  p.  40. 
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(c/)    Perfected  Methods'^  for  the  Deter7nination  of  the  Pento- 
mns.  —  Present  Phloroglucol  Method. 

Reagents. 

Twelve  per  cent,  hydrochloric  acid  (specific  gravity  1.06)  : 
275  c.c.  cone,  acid  (specific  gravity  1.20)  to  725  c.c.  water; 
test  with  a  hydrometer  as  15°  C. 

Phloroglucol  solution  (purified)  :  11  grams  are  dissolved 
in  300  c.c.  hot  12  per  cent,  acid  by  constant  stirring,  made 
up  to  1,500  c.c.  with  cold  acid,  allowed  to  stand  several 
days  for  the  diresorcinol  to  crystallize  out,  and  filtered 
immediately  before  use. 

Pumice  stone  :  the  stone  is  prepared  by  dropping  it  at 
white  heat  into  distilled  water,  and  leaving  it  there  until 
required. 

Aniline  acetate  (test  solution)  :  equal  parts  of  aniline  and 

50  per  cent,  acetic  acid. 

Apparatus. 

Erlenmeyer  flask,  300  c.c.  ;  Liebig  condenser  and  Aubrey 
connecting  tube  ;  separatory  funnel  (open)  ;  graduated  cyl- 
inders ;  beaker,  25  ounce  ;  Gooch  crucible. 

Method. 
A  weight^  of  material^  that  will  not  ^deld  over  .300  gram 
'of  phloroglucid  is  brought  into  a  10-ounce  Erlenmeyer  flask, 
together  with  100  c.c.  of  12  per  cent,  hydrochloric  acid  and 
several  pieces  of  pumice  stone.  The  flask,  placed  on  a  wire 
gauze,  is  connected  with  a  Liebig  condenser,  and  heat  ap- 
plied, gently  at  first,  and  regulated  so  as  to  distil  over  30 
c.c.  into  a  graduated  cylinder  in  ten  minutes.     The  30  c.c. 

^  The  phenylhydrazine  method  will  be  found  described  in  the  twelfth  report 
of  the  Massachusetts  State  Experiment  Station,  p.  177,  and  in  Bulletin  No.  51, 
Division  of  Chemistry,  U.  S.  Department  of  Agriculture.  The  phloroglucol 
method,  as  used  in  this  laboratory  for  a  number  of  years,  is  described  in  Bulletin 
No.  51,  just  referred  to,  and  in  the  ninth  report  of  the  Hatch  Experiment  Sta- 
tion, p.  97. 

^  With  material  containing  pentosans:  30  per  cent.,  take  1  gram  of  material ; 
25  per  cent. ,  take  1.25  grams  of  material ;  20  per  cent.,  take  1.50  grams  of  mate- 
rial;  15  per  cent.,  take  2  grams  of  material;  10  percent.,  take  3.25  grams  of 
material;  5  per  cent.,  take  5  grams  of  material. 

^  Previous  extraction  with  ether  is  not  warranted,  except  with  materials  of  a 
high  fat  content. 
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driven  over  are  replaced  by  a  like  quantity  of  dilute  acid 
by  means  of  an  "open-top'"  separatory  funnel,  the  flask 
agitated  to  wash  down  the  particles  adhering  to  the  sides, 
and  the  process  continued  until  the  distillate  amounts  to 
360  c.c.i 

The  completed  distillate  is  filtered  to  remove  insoluble 
fats  into  a  25-ounce  lipped  beaker,  graduated  at  500  c.c, 
and  50  c.c.  of  phloroglucol  solution  gradually  added,  pre- 
cipitating the  furfural  as  phloroglucid,  and  the  mixture 
thoroughly  stirred.  The  solution  is  made  up  to  500  ^  c.c. 
with  12  per  cent,  acid,  and  allowed  to  stand  at  least  fifteen 
hours. 

The  amorphous  black  precipitate  is  filtered  under  pressure 
into  a  tared  Gooch  through  an  asbestos  felt,  washed  care- 
fully, never  allowing  it  to  become  dry,  with  150  c.c.  of 
water,  dried  at  100°  C  to  a  constant  figure,  weighed  in  a 
glass-stoppered  bottle,  and  the  increase  reckoned  as  phloro- 
glucid, from  which  furfural,  pentosans,  etc.,  can  be  calcu- 
lated by  the  following  formulfc  :  — 

1.  Less  than  .300  Gram  Phloroglucid. 

1.  Furfural  =z  (weight  of   the  lihloroglucid-]- .0052)  x    -5170 

2.  Pentosansrr  (weight  of  the  phloroglucid -j- -0052)  X    -8935 

3.  Pentose  1=  (weiglit  of   the   phloroglucid -|- .0052)  X  1-0156 

2.  More  than  .300  Gram  Fhloroglueid. 

1.  Furfural  z=  (weight  of   the  phloroglucid -}- .0052)  X    -5180 

2.  Pentosans  r=  (weight  of  the  phloroglucid -|-  -0052)  X    -8822 

3.  Pentose  =  (weight   of   the    phloroglucid  +  .0052)  X  1-0025 

Krober  has  published  very  complete  tables  for  calculating 
the  results,  which  will  soon  be  reproduced  by  the  Associa- 
tion of  Official  Agricultural  Chemists. 

(e)   Digestihility  of  the  Pentoftans. 
The  investigations  of  Giinther,  De  Chalmot,  Flint,  Mann, 
Kriiger,  Glaubitz,  Krober  and  Tollens,  Cross  and  Bevan,^ 

*  Theoretically,  the  process  should  be  continued  as  long  as  the  distillate  gives 
a  reaction  with  aniline  acetate  on  filter  paper,  but  12  distillates  are  usually  con- 
sidered sufficient. 

*  Tollens  advises  400  c.c,  but  in  this  laboratory  500  c.c  are  preferred. 

*  Loco  citato. 
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Wintersteiu,!  stift,^  Stone,^  Lindsey  and  Holland,^  Witt- 
maun^  and  others,  have  shown  the  pentosans  to  be  very 
widely  distributed  in  plants  and  seeds,  and  this  general  dis- 
tribution naturally  leads  to  an  inquiry  as  to  their  nutritive 
value  in  the  animal  economy.  Several  investigations  have 
been  published  relative  to  the  ability  of  both  men  and  ani- 
mals to  assimilate  the  sugars,  xylose  and  arabinose.  Ebsten*^ 
fed  25  grams  of  these  sugars  to  men,  and  found  this  amount 
in  the  urine  in  a  short  time.  Cremer,'  on  the  other  hand, 
found  only  10  grams  of  arabinose  in  the  urine  after  feeding 
2")  grams  to  a  healthy  man.  Salskowski^  concluded  that 
rabbits  were  able  to  assimilate  a  portion  of  this  sugar,  and 
that  as  a  result  the  per  cent,  of  glycogen  in  the  body  is  ma- 
terially increased.  Frentzel's^  investigations  indicated  that 
glycogen  could  not  be  formed  from  xylose  in  the  animal 
organism,  that  the  xylose  prevented  the  destruction  of  sub- 
stances that  naturally  produced  glycogen,  thus  causing  an 
increase  in  the  amount  of  this  animal  sugar  in  the  body. 
Salskowski  ^^  found  that  a  rabbit  and  hen  excreted  only  a  fifth 
of  the  arabinose  fed. 

Cross,  Bevan  and  Remington  ^^  digested  brewers'  grains 
with  1  per  cent,  sulphuric  acid  in  an  autoclave  at  130°  C, 
neutralized,  with  carbonate  of  lime,  filtered,  evaporated  the 
solution,  and  obtained  39.5  per  cent,  of  furfural  in  the  dry 
matter.  The  evaporated  product,  when  mixed  with  gelatine 
and  bread  and  fed  with  vegetables  to  rabbits,  proved  to  be 
94.5  to  98.4  per  cent,  digestible,  no  furfural  or  pentoses 
being  recognized  in  the  urine.     The  investigators  claim  that, 

^  Ziircher  Diss.,  1892,  p.  31. 

"  Osterr.  Unger.  Zeitsch.  fiir  Ziicherindustrie,  1894,  p.  925. 

^  Agriculjtural  Science,  5,  p.  6. 

*  Twelfth  Report  of  Massachusetts  Experiment  Station,  1894,  p.  175;  Agri- 
cultiiral  Science,  8,  p.  162  ;  Proceedings  of  tlie  sixteenth  meeting  of  tlie  Society 
for  the  Promotion  of  Agricultural  Science,  1895. 

"  Zeitsch.  Landw.  Versuchst.  Osterr.,  4,  pp.  131-139.     Ahs.  Exp.  Sta.  Rec,  13, 
p.  420. 
"  Centralhlatt  f.  die  medicin.  Wissenschaften,  1892,  p.  577. 
'  Zeitsch.  f.  Biologic,  24,  p.  484. 

*  Centralhlatt  f.  die  medicin.  "Wissenschaften,  1893,  p.  193. 
'  Archw.  f.  d.  ges.  Physiologie,  56,  p.  273. 

'«  Zeitsch.  Physio.  Cham.,  1895,  p.  491. 

»»  Journal  of  the  Am.  Chem.,  Sec.  22,  p.  &33. 
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when  fully  hydrolized,  these  substances  are  as  digestible  aa 
starch  and  its  hydrolized  product ;  and  in  this  respect  they 
differ  from  the  pentoses  and  their  anhj^drides.  J.  Konig 
and  F.  Reinhardt^  report  experiments  with  a  man  in  which 
canned  peas,  dried  peas  and  other  foods  rich  in  pentosans 
were  added  to  a  mixed  diet.  The  results  indicated  that  the 
pentosans  were  very  thoroughly  digested  and  assimilated. 

A  number  of  experiments  have  been  made  with  farm  ani- 
mals, to  study  the  digestibility  of  the  pentosans.  In  1892, 
Stone  ^  fed  corn  meal  and  wheat  bran  to  rabbits,  and  found 
that  about  60  per  cent,  of  the  pentosans  did  not  reappear  in 
the  faeces.  A  like  conclusion  was  drawn  a  year  later  by 
Stone  and  Jones  ^  from  hay  and  diflerent  grasses  fed  to 
sheep.  Lindsey  and  Holland'^  fed  hay  and  different  grains 
to  sheep,  and  found  from  55  to  90  per  cent,  of  the  pentosans 
digested,  traces  onl}'  being  recognized  in  the  urine.  Weiske 
and  Wicke  reported  similar  results.^  Sherman*^  found  the 
pentosans  in  wheat  bran  to  be  66.2  per  cent,  digested. 
Fraps  "^  determined  the  digestibility  of  pentosans  in  a  number 
of  cattle  feeds.  The  pentosans  in  the  crude  fibre  he  termed 
pseudo-pentosans,  which  proved  less  digestible  than  what  he 
termed  the  true  pentosans,  as  found  in  the  nitrogen-free 
extract. 

In  addition  to  the  experiments  already  reported,^  the 
writer^  has  made  a  number  of  others  Avith  different  vai'ieties 
of  hays  and  grains. 

The  table  which  follows  contains  the  percentage  and  di- 
gestion coefficient  of  the  pentosans,  and,  for  the  sake  of 
comparison,  the  percentages  and  digestion  coefficients  of  each 
of  the  other  groups  of  substances  in  the  several  feed  stufi's. 

^  Zeitsch.  Untersuch.  Nahr.  u.  Genussmtl.,  1902,  No.  3,  pp.  111-116. 
^  Am.  Chem.  Journal,  14,  p.  9. 
^  Agricultural  Science,  5,  p.  6. 

*  Twelfth  report  of  Massachusetts  State  Experiment  Station,  \>.  175;  report 
of  the  Society  for  Promotion  of  Agricultural  Science,  189.5,  p.  .54. 

°  Zeitsch.  f.  physiol.  Chem.,  20,  p.  489. 

*  Journal  of  the  Am.  Chem.,  Sec.  19,  p.  308. 

'  North  Carolina  Experiment  Station,  Bulletin  No.  172. 
'  Loco  citato. 

*  Together  with  E.  B.  Holland. 
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It  includes  all  experiments  made  at  this  station  to  determine 
the  digestibility  of  the  pentosans. 

Description  of  Feed  Stuffs. 

English  Hai/.  —  Ijargely  Kentuckj^  blue-grass,  with  a 
sprinkling  of  timothy,  red-top,  meadow  fescue  and  sweet 
vernal  orass,  too:ether  with  some  clover. 

Millet  Hay.  —  Panicum  crus-galli.  The  cultivated  spe- 
cies of  barnyard  grass  from  Japan,  now  known  as  bai-nyard 
millet. 

Black  Grass.  —  Juncus  Gerardi. 

Fox  Grass.  —  Spartina  jyatens. 

Branch  Grass.  — Distichlis  spicata. 

Cove  Mixture.  —  A  mixture  of  black  grass  and  red-top. 

8alt  Mixture.  —  A  mixture  of  fox  ijrass  and  branch  grass. 

Flat  Sage.  —  Spartina  stricta  maritima  var.  A  variety 
of  creek  sedge  or  thatch.  It  rarely  blossoms,  and  is  easily 
recognized  by  its  pale-green  color. 

Buffalo  Gluten  Feed.  —  The  residue  in  the  manufacture 
of  starch  from  corn.  It  contains  the  gluten,  bran  and  some 
broken  germs.  This  is  an  old-process  meal.  In  the  new 
process  the  oil  is  largely  removed. 

JSfew  and  Old  Process  Linseed  Meals.  —  Crushed  flax  seed, 
after  the  oil  has  been  expressed.  The  former  is  treated  by 
the  naphtha  process,  and  the  latter  by  warm  pressure. 

Atlas  Meal.  —  The  dried  residue  in  the  process  of  manu- 
facturing alcohol,  spirits  and  whiskey  from  the  several  cereals. 

Peanut  Feed.  —  Ground  peanut  husks. 
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The  results  show  that  the  pentosans  comprise  from  one- 
tenth  to  nearly  one-third  of  the  entire  feed  stuff,  the  grains 
and  by-products  naturally  containing  the  smaller  and  the 
coarse  feeds  the  larger  amounts. 

The  pentosans  are  found  to  be  fully  as  digestible  as  the 
other  fodder  groups  in  case  of  upland  hays  and  most  by- 
products, but  rather  less  digestible  in  swale  hay,  salt  grasses 
and  wheat  bran.  An  explanation  of  this  is  to  be  found  in 
the  fact  that  association  affects  the  digestibility  of  the  pen- 
tosans. Late-cut  hays,  straws  and  bran  contain  considerable 
lignified  matter,  and  it  is  this  lignified  or  incrusting  sub- 
stance which  exerts  a  negative  influence  upon  the  digesti- 
bility of  all  of  the  several  fodder  groups,  the  pentosans 
proving  no  exception.  Most  grains  contain  relatively  small 
amounts  of  lignin  and  pentosans.  Concentrated  by-products, 
the  residues  of  the  several  grains  from  which  the  starch,  fat 
or  both  have  been  removed,  contain  higher  pentosans  per- 
centages than  the  grains,  for  the  reason  that  the  pentosans 
are  found  largely  in  the  external  coverings,  which  are  always 
more  or  less  lignified.  The  pentosans,  being  closely  asso- 
ciated with  the  lignified  tissue,  are  in  such  cases  less  digest- 
ible than  the  protein,  fat  or  total  extract  matter.  In  other 
cases  (gluten  feed),  the  incrusting  substances  being  less  de- 
veloped, the  pentosans  have  a  digestibility  nearly  equal  to 
the  other  groups. 

Lehmann,^  and  later  Kellner  and  Kohler,^  have  clearly 
shown  that  lignin  interferes  with  the  digestibility  of  the 
pentosans.  The  former  subjected  oat  and  wheat  straws  to 
the  action  of  dilute  sodium  hydrate,  under  low  pressure,  for 
several  hours,  neutralizing  with  hydrochloric  acid.  After 
this  treatment  the  pentosans  in  oat  straw  showed  an  in- 
creased digestibility  of  69  per  cent,  and  those  in  wheat 
straws  of  115.  Kellner,  by  a  similar  process,  found  the 
fibre  and  pentosans  in  extracted  rye  straw  to  be  respectively 
84.5  and  84.8  per  cent,  digested. 

The  experiments  herein  reported  show  that  sheep  were 
able  to  digest  from  40  to  90  per  cent,  of  the  pentosans  in 
grains  and  by-products.     It  has  been  held,  however,  that, 

'  Landw.  Jahrbiicher  '24.  Jahrg.,  1896;  I  Erganzungsband,  p.  118. 
"  Landw.  Versuchsstationen  53,  p.  278. 
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although  these  quantities  are  removed  from  the  digestive 
tract,  it  is  by  no  means  certain  that  tliey  have  a  food  value 
equal  to  starch  and  similar  substances.  Considerable  <]uan- 
tities  have  been  recojjnized  in  the  urine  of  human  beinirs. 
AVeiske  and  Wicke,^  as  well  as  ourselves,  liave  recognized 
only  ti'aces  in  the  urine  of  sheep.  It  has  been  assumed  that 
they  may  be  destroyed  in  the  digestive  tract  by  various 
micro-organisms.  Tollens'^  very  pertinently  suggested  that 
they  were  no  less  susceptible  to  such  destructive  influences 
than  is  starch. 

It  remained,  however,  for  Kellner,^  as  a  result  of  very 
exhaustive  experiments  with  the  aid  of  the  respiration 
calorimeter,  to  furnish  definite  information.  Oxen  were  fed 
a  basal  ration,  to  which  were  added  at  different  times  2.5 
kilograms  of  starch  and  3  kilograms  of  rye  straw,  the  latter 
previously  extracted  with  dilute  sodium  hj^drate  under  pres- 
sure. He  found  2.32  per  cent,  of  the  carbon  from  the 
digested  starch  to  be  in  the  form  of  marsh  gas  (equivalent 
to  a  loss  of  10.1  per  cent,  potential  energy)  ;  and,  from  the 
extracted  straw^  digested,  3.34  per  cent,  of  the  carbon  to  be 
in  the  form  of  marsh  gas  (equal  to  a  loss  of  14  per  cent,  of 
potential  energy) .  The  diflerences  were  not  marked.  In 
general,  the  poorer  the  mechanical  condition  of  the  feed  and 
the  larger  the  amount  of  incrusting  substance  present,  the 
longer  it  remains  in  the  intestines  and  the  greater  the  oppor- 
tunity for  micro-organisms  to  attack  it ;  and,  vice  versct^  the 
more  easily  digested  starchy  matters,  free  from  lignin,  are 
more  quickly  resorbed  and  are  less  likely  to  undergo  bacterial 
destruction.  Kellner  concluded  that  the  furfural-yielding 
substances  (pentosans)  of  the  extracted  straw  took  part  in 
the  formation  of  fat,  and  indirectly  in  the  formation  of  flesh, 
to  as  great  an  extent  as  did  either  starch  or  cellulose.^ 

It  may  be  safely  concluded,  therefore,  that  the  pentosans 
are  as  digestible  as  any  of  the  other  fodder  groups  (except 
in  the  presence  of  excessive  incrusting  substance),  and  that 
the  digested  material  is  practically  utilized  in  the  animal 
organism  to  the  same  degree  as  the  other  carbohydrates. 

*  Loco  citato.      ^  Journal  f.  Landw.,  1897,  p.  110.      ''  Loco  citato,  pp.  426-428. 

*  This  treated  straw  contained  82  per  cent,  of  crude  fibre,  and  over  30  per  cent, 
of  pentosans.  ^  Loco  citato,  p.  457. 
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E.     Digestion  Experiments  with  Sheep. 


J.    B.    LINDSEY, 


Digestion  experiments  were  begun  with  sheep  at  this 
station  in  1893.  Two  series  were  publislicd  in  full  in  the 
eleventh  and  twelfth  reports  of  the  Massachusetts  State 
Experiment  Station,  together  with  a  description  of  the 
method  employed  (see  eleventh  report).  Since  1894  the 
coefficients  only  of  several  series  have  been  published  in 
dift'erent  reports  of  the  Hatch  Experiment  Station.  In  the 
table  which  follows  will  be  found  the  results  of  185  single 
trials  with  73  feed  stuff's,  being  the  entire  number  of  experi- 
ments made  between  1894  and  1902,  excepting  a  few  which 
gave  results  of  uncertain  value,  and  hence  were  discarded. 
The  complete  data  for  each  experiment  is  on  file  at  this 
station. 

It  is  believed  that  the  brief  description  of  the  various 
feeds  found  in  the  table  will  suffice  in  most  instances  to  give 
a  clear  understanding  as  to  their  character.  The  following 
additujnal  information  may  prove  of  value  :  — 

Mixed  f/rasf^es  in  the  table  includes  Kentucky  blue-grass, 
red-top,  timothy,  meadow  fescue,  sweet  vernal  grass,  and 
alsike  and  red  clover.  Kentucky  blue-grass  and  clover 
predominated. 

J^nglish  ha//  is  a  term  commonly  used  in  many  localities 
for  good  upland  hay,  as  distinct  from  salt  and  swale  hays. 

Gluten  vieal  consists  of  the  glutinous  i)art  of  the  corn, 
mixed  with  the  starchy  portion,  that  cannot  be  recovered 
by  mechanical  methods. 

*  These  experiments  were  made  with  the  co-operation  of  a  number  of  assistants. 
Tlie  results  in  the  following  table  were  comiiiled  from  the  completed  data  by  P. 
H.  Smith. 
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Gluten  feed  includes  the  glutinous  part  of  the  corn  (gluten 
meal),  together  with  the  corn  bran  and  broken  gerin.s. 

Germ  oil  meal  consists  of  the  ground  corn  germs,  from 
which  the  oil  has  been  partially  pressed. 

Distillers'  grains  are  the  dried  residues  in  the  process  of 
manufacturing  alcohol,  spirits  and  whiskey  from  the  several 
cereals. 

II- 0  feeds  consist  of  oat  oftals  and  light  oats  as  a  basis, 
together  with  some  corn,  and  fortified  with  wheat  bran  and 
cotton-seed  or  gluten  meal. 

Qua  Jeer  dairy  feed  —  formerly  Quaker  oat  feed  —  consists 
principally  of  oat  olial,  fortitied  wdth  some  material  rich  in 
protein. 
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'Influence  of  Drying  and  Curing  on  Digestibility, 
Jordan  ^  .summarized  the  results  of  six  experiments  made 
to  throw  light  on  this  point,  and  states  that  in  only  two 
cases  (clover  and  corn  fodder)  was  there  any  decrease  in 
digestibility  due  to  drying.  Experiments  were  made  at  this 
station  with  wheat  and  vetch  and  barnyard  millet,  and  the 
results  are  found  in  the  above  tables.  It  will  be  seen  that 
in  case  of  the  wheat  and  sand  vetch  no  important  difference 
was  noted  as  a  result  of  the  curing  process,  while  in  both 
experiments  drying  noticeably  decreased  the  digestibility 
of  barnyard  millet.  Generally  speaking,  the  mere  with- 
drawal of  the  water  is  not  supposed  to  affect  digestibility, 
and  this  is  likel}^  to  be  especially  true  with  young  and  tender 
plants  and  with  the  finer  grasses.  In  the  case  of  plants 
with  coarse,  tough  stems,  the  reverse  is  likely  to  be  true. 
The  hardening  of  the  woody  stems  in  the  curing  process  and 
the  less  perfect  mastication  resulting,  as  well  as  possible 
chemical  and  physiological  changes,  are  all  factors  which 
may  cause  lessened  digestibility. 

Digestion  experiments  enable  the  investigator  to  form  a 
reasonably  correct  opinion  concerning  the  nutritive  and  eco- 
nomic value  of  the  different  coarse  and  concentrated  feeds. 
The  results  of  these  experiments  are  presented  from  time  to 
time  in  popular  bulletins  treating  of  feed  and  feeding. 

^  Bulletin   No.  77,  U.  S.  Department  of  Agriculture:    The  Digestibility  of 
American  Feeding  Stuffs. 
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EEPORT   OF   THE   AGRICULTURISTS. 


WM.    P.    BROOKS;    ASSISTANT,  II.    M.    THOMSON. 


The  work  of  the  agricultural  division  of  the  Experiment 
Station  has  followed  the  general  lines  of  earlier  years.  It 
has  for  its  chief  object  to  obtain  light  on  some  of  the 
numerous  conditions  determining  productiveness,  chiefly  as 
aflected  by  diiferent  manures  and  fertilizers  used  alone  and 
in  a  wide  variety  of  combinations.  The  questions  connected 
with  the  use  of  manures  and  fertilizers  are  self-evidently  of 
vital  importance  in  our  agriculture,  which  cannot,  as  in 
some  of  the  newer  States  of  the  Union,  depend  upon  the 
accumulated  fertilit}^  of  ages.  Equall}^  self-evident  to  every 
intelligent  mind  must  be  the  fact  that  the  solution  of  even 
the  simplest  problem  connected  with  the  use  of  manures  is 
a  matter  of  much  inherent  difficulty,  so  numerous  are  the 
conditions  which  determine  production,  —  conditions,  too, 
many  of  which  are  bej'Ond  control.  It  is  clearly  perceived 
tliat  nmcli  caution  should  be  exercised  in  drawino-  con- 
elusions  from  the  results  of  experiments ;  that  field  results 
especially  should  be  tested  again  and  again,  under  varying 
conditions  of  soil  and  season  ;  that  such  results  obtained  on 
plots  inevitably  varying  somewhat  in  natural  fertiht}-  should 
be  checked  by  results  obtained  on  equal  quantities  of  thor- 
oughly mixed  soils  from  the  same  plots  under  conditions 
made  as  nearly  normal  as  possible  ;  as  well  as  by  vegetation 
experiments  in  plots,  where  all  the  conditions  of  moisture, 
—  exposure,  etc.,  are  most  perfectl}'"  under  control.  Our 
work,  therefore  along  these  lines  includes  three  distinct 
methods  of  experiment  :  first,  plot  experiments  in  the  open 
field  ;  second,  closed  plot  experiments  (plung-ed  cylinders)" 
with  mixed  soil  ;  and  third,  vegetation  experiments  in  pots. 
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In  connection  with  lines  of  inquiry  pertaining  to  the  use 
of  manures  and  fertilizers  and  in  the  other  lines  of  work 
mentioned  below  we  have  cared  for  251  plots  upon  our  own 
grounds  and  have  supervised  work  upon  20  plots  in  diflcrent 
parts  of  the  State.  In  our  experiments  with  mixed  soil  in 
enclosed  plots  (plunged  cylinders)  we  have  employed  153 
cylinders.  In  our  vegetation  experiments  we  hav^e  cared 
for  278  pots. 

Variety  tests  also  have  received  considerable  attention. 
The  test  with  corn,  which  has  included  31  varieties,  will  not 
be  reported,  as  the  grain  is  not  yet  dry  enough  to  shell. 
We  have  had  under  careful  observation  some  70  species  of 
grasses  and  forage  crops,  in  addition  to  18  varieties  of  mil- 
lets. In  connection  with  the  grasses  we  are  endeavoring  to 
o;ain  some  lioht  as  to  the  relative  value  of  the  differaiit 
kinds  for  pastures  as  well  as  for  mowings  by  lawn-mowing 
one-half  of  each  plot.  We  have  obtained  some  striking  re- 
sults, but  these  will  not  be  reported  until  we  have  carried 
the  test  further.  The  work  with  poultry  has  been  for  the 
most  part  along  the  lines  which  have  engaged  our  attention 
in  previous  j'^ears,  viz.,  a  study  of  the  best  methods  of  feed- 
ing for  eggs.  In  connection  with  our  poultry  work  we  are 
making  comparative  trials  of  various  types  of  incubators 
and  brooders,  which  are  being  used  in  raising  the  fowls  we 
use  in  our  feeding  experiments.  We  are  also  making  careful 
records  touching  the  food  cost  of  raising  chickens. 

In  this  report  we  shall  discuss  briefly  the  results  obtained 
in  a  portion  only  of  the  plot  experiments  pertaining  to  the 
use  of  manures  and  fertilizers,  selecting  for  this  purpose  i<he 
results  which  are  confirmed  by  the  greatest  number  of  years' 
work,  as  well  as  in  many  cases  by  the  closed  plot  and  pot 
experiments.  We  shall  report  also  the  results  of  the  variety 
test  with  potatoes,  and  shall  make  a  brief  statement  touching 
the  results  obtained  in  experiments  with  poultry.  The 
nature  of  the  subjects  of  inquiry  and  the  more  important 
features  of  our  results  will  be  made  clear  by  the  following 
statement :  — 

I.  — To  determine  the  relative  value  of  barnyard  manure, 
nitrate   of  soda,    sulfate   of  ammonia,   and   dried    blood  as 
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sources  of  nitrogen.  The  crop  of  this  year,  potatoes,  gives 
^delcls  on  the  basis  of  wliich  the  materials  rank  in  the  fol- 
lowing order :  dried  blood,  sulfate  of  ammonia,  barnyard 
manure,  nitrate  of  soda.  The  yield  on  the  last  two  is,  how- 
ever, below  the  yield  on  the  plots  receiving  no  nitrogen,  and 
the  results  are  complicated  by  the  fact  that  the  crop  suffered 
from  blio;ht  and  rot.  The  averaofe  to  date  ranks  the  materials 
in  the  following  order:  nitrate  of  soda,  barnyard  manure, 
sulfate  of  ammonia,  and  dried  blood. 

II. — To  determine  to  what  extent,  if  any,  the  introduction 
of  a  crop  of  the  clover  family  will  make  the  application  of 
nitrogen  to  the  following  crop  unnecessary.  Potatoes  this 
year  followed  soy  beans,  and  gave  a  yield  on  the  no-nitrogen 
plots  equivalent  to  99.3  per  cent,  of  that  obtained  on  the 
plots  to  which  nitrogen  has  been  yearly  applied. 

HI.  —  To  determine  the  relative  value  of  muriate  and  high- 
grade  sulfate  of  potash  for  field  crops.  The  results  of  the 
3'^ear  indicate  sulfate  to  be  superior  to  the  muriate  for  cab- 
bages, mixed  timothy  and  cloyer,  and  potatoes  as  indicated 
by  the  yield  of  merchantable  tubers.  The  results  with 
onions  were  indecisive  as  the  crop  failed  to  mature,  largely, 
it  is  believed,  on  account  of  the  cold  summer. 

IV.  —  A.  To  determine  the  relative  value  of  nitrate  of 
soda,  sulfate  of  ammonia,  and  dried  blood,  used  in  connec- 
tion with  manure  as  sources  of  nitrogen  for  garden  crops. 
The  results  indicate  these  materials  used  in  amounts  fur- 
nishing equal  nitrogen  to  rank  in  the  following  order : 
nitrate  of  soda,  dried  blood,  sulfate  of  ammonia.  £.  To 
determine  the  relative  value  of  sulfate  and  muriate  of 
potash  for  garden  crops.  The  results  of  the  year  indicate 
the  sulfate  of  potash  to  be  the  better  for  onions,  tomatoes 
and  celery  ;  while  the  muriate  has  given  slightly  superior 
results  with  strawberries  and  squashes. 

V.  —  To  determine  the  relative  value  of  difierent  potash 
salts  for  field  crops.  The  salts  under  comparison  are  high- 
grade  sulfate,  low-grade  sulfate,  kainite,  muriate,  nitrate, 
carbonate,  and  silicate.  The  crop  of  this  year  was  clover. 
The  potash  salts  giving  the  best  yields  are  th(?  silicate,  high- 
grade  sulfate,  and  nitrate.     The  most  striking  result  brought 
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out  is  the  injury  to  young  clover  in  a  cold,  wet  spring,  due 
to  potash  salts  containing  chlorine,  especially  to  the  kainite. 

VI.  —  To  determine  the  relative  value  of  phosphates 
used  in  quantities  furnishing  equal  phosi)horic  acid  to  each 
plot.  The  crop  of  this  year  was  onions  ;  and  the  phos- 
phates giving  the  best  results,  and  the  only  ones  which  can 
be  considered  even  fairly  satisfactory,  in  the  order  of  their 
rank,  are :  dissolved  bono  meal,  fine-ground  raw  bone, 
phosphatic  slag,  and  the  steamed  bone  meal.  Two  gave 
results  ver}^  much  inferior  to  all  others,  viz.,  Tennessee 
phosphate  and  Florida  soft  phosphate. 

VII. — A.  Soil  test  with  corn.  The  results  of  this  year 
indicate  that  potash  to  a  far  greater  extent  than  any  other 
plant-food  element  controls  the  yield  of  corn.  Mmnate  of 
potash  alone  at  the  rate  of  1(50  pounds  per  acre  annuallj'for 
fourteen  years  gives  this  year  a  yield  at  the  rate  of  47.7 
bushels  of  shelled  grain  per  acre.  The  combination  of 
dissolved  bone-black  with  the  same  amount  of  muriate  of 
potash  gives  a  crop  of  55.9  bushels  of  shelled  grain  per 
acre.  B.  Soil  test  with  potatoes.  The  results  of  the 
year  indicate  that  the  muriate  of  potash  on  the  limed  por- 
tion of  the  field  increased  the  crop  more  than  either  of  the 
other  fertilizer  elements  ;  but  the  potato  crop  is  increased 
to  a  considerably  greater  extent  by  the  use  of  materials 
furnishing  phosphoric  acid  and  nitrogen  than  was  the  corn 
in  the  other  soil  test. 

VIII.  —  To  determine  the  relative  value  for  the  produc- 
tion of  corn  and  mixed  grass  and  clover  in  rotation  of  a 
large  application  of  manure,  as  compared  with  a  smaller 
application  of  manure  in  connection  with  a  potash  salt. 
The  crop  of  this  ycn.v  was  mixed  grass  and  clover.  The 
manure  alone  gave  crops  somewhat  larger  than  the  com- 
bined manure  and  potash,  but,  owing  to  the  lesser  cost  of 
the  combination,  the  financial  result  is  in  its  favor. 

IX.  — To  determine  the  relative  value  for  crop  production 
of  two  fertilizer  mixtures,  one  furnishing  the  important 
elements  of  plant  food  in  the  same  proportion  in  which 
thev  are  found  in  the  average  of  corn  fertilizers  otlered  in 
our  markets,  the  other  containing  less  phosphoric  acid  and 
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more  potash,  the  crops  being  corn  and  mixed  grass  and 
clover  in  rotation.  The  crop  of  this  year  Avas  mixed  grass 
and  clover.  The  result  is  a  yield  at  the  rate  of  1,520 
pounds  per  acre  more  on  the  fertilizer  mixture  containing 
the  greater  amount  of  potash  ;  and  this  superior  crop  is 
produced  at  a  cost  per  acre  for  fertilizers  of  about  $4  less 
than  the  combination  of  materials  used  on  the  other  plots. 
The  nutritive  value  of  the  hay  from  the  plots  receiving  the 
greater  amount  of  potash  is  superior  to  that  from  the  other 
plots,  on  account  of  the  greater  relative  abundance  of 
clover. 

X.  —  To  determine  the  economic  result  of  using  in  rota- 
tion on  grass  lands  :  the  first  year,  wood  ashes  and  nitrate 
of  soda ;  the  second  year,  ground  bone,  muriate  of  potash, 
and  nitrate  of  soda ;  and  the  third  year,  barnyard  manure. 
The  yields  amount  on  the  average  to  about  2  tons  per  acre, 
produced  at  a  cost  for  manure  and  fertilizers  making  their 
application  decidedlj^  profitable. 

XL — To  determine  which  is  the  better  practice,  —  to 
spread  fresh  manm^e  directly  on  the  field  during  late  autumn 
or  winter,  or  to  put  into  large  piles  in  the  field  at  the  same 
time,  these  piles  to  be  spread  and  immediately  ploughed  in 
in  the  spring.  The  field  where  this  experiment  is  tried  has 
a  moderate  slope.  The  crop  of  this  year  was  corn,  and  the 
results  were  on  the  whole  quite  favorable  to  the  spring 
application,  although  the  difference  in  the  yield  this  year  was 
not  sufficient  to  repay  the  cost  of  the  extra  handling. 

XH.  —  To  determine  whether  the  use  of  nitrate  of  soda 
for  rowen  is  profitable.  The  application  of  nitrate  to  a 
timothy  sod  at  rates  varying  from  150  to  250  pounds  per 
acre  gives  a  marked  increase  in  every  case, — an  uicrease 
more  than  sufficient  to  cover  the  cost  of  nitrate  and  its 
application. 

XIII.  —  Variety  test  with  potatoes.  The  varieties  giving 
yields  exceeding  250  bushels  of  merchanfiiblo  tubers  per 
acre,  mentioned  in  the  order  of  productiveness,  are  :  Beaut}'^ 
of  Hebron  (first  generation  from  INIaine  seed).  Beauty  of 
Hebron  (second  generation  from  Maine  seed),  I.  X.  L., 
Steuben,    Early   Nancy,    Million    Dollar,    Ensign    Bagley, 
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Early  Rose,  Gem  of  Aroostook,  and  Daughter  of  Early 
Rose.  It  is  significant  that  the  old  variety  —  the  Beauty 
of  Hebron  —  outranks  all  other  varieties  ;  while  the  still 
older  Early  Rose  is  exceeded  by  only  (>  out  of  the  31 
varieties. 

XIV.  —  To  determine  the  best  nutritive  ration  in  feedino- 
hens  for  eggs.  The  results  of  the  year  appear  to  indicate 
that  if  materials  carrying  considerable  fat  are  used  in  com- 
bination with  rations  in  which  wheat  and  corn  respectively 
are  most  prominent,  the  wheat  slightly  surpasses  the  corn  ; 
but  that  if  fat  be  not  freely  supplied  in  connection  with 
such  rations,  the  corn  is  superior  to  wheat.  Corn  and 
buckwheat  compared,  without  materials  furnishing  any 
considerable  amount  of  fat,  give  results  markedly  favor- 
able to  corn. 

I. — The   Relative    Value    of   Manures   furnishing 

Nitrogen.  (Field  A.) 
A  full  description  of  the  plan  of  the  experiment  in  this 
field  Avill  l)e  found  in  the  twelfth  annual  report.  The 
object  is  to  determine  the  relative  value  for  various  crops 
of  a  few  of  the  standard  materials  which  may  be  used  on 
the  farm  as  a  source  of  nitrogen.  The  materials  under 
comparison  are  barnyard  manure,  nitrate  of  soda,  sulfate 
of  ammonia,  and  dried  blood.  These  wherever  used  are 
applied  in  such  quantity  as  to  furnish  equal  amounts  of 
nitrogen.  To  three  plots  in  the  field  no  nitrogen  in  any 
form  has  been  applied.  All  the  plots  in  the  field  receive 
the  same  amounts  of  materials  furnishing  phosphoric  acid 
and  potash  and  in  liberal  quantities.  Barnyard  manure  is 
the  source  of  nitrogen  on  one  plot,  nitrate  of  soda  on  two 
plots,  sulfate  of  ammonia  on  three  plots,  and  dried  blood 
on  two.  This  experiment  was  begun  in  1890,  and  the  crops 
which  have  been  grown  previous  to  this  year  in  the  order 
of  succession  are  :  oats,  rye,  soy  beans,  oats,  soy  beans, 
oats,  soy  beans,  oats,  oats,  clover,  potatoes,  and  soy  beans. 
As  the  result  of  all  experiments  previous  to  this  year,  it  is 
found  that  the  materials  furnishing  nitrogen  have  produced 
crops  ranking  in  the  following  order  :  — 
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Per  Cent. 

Nitrate  of  soda. 

.      100.0 

Barnyard  manure. 

. 

.       91.8 

Svilfate  of  ammonia,    . 

. 

90.0 

Dried  blood. 

.       87.7 

Tlie  plots  receiving  no 

nitrogen, 

.       71.0 

The  crop  for  this  3'ear  was  potatoes,  which  therefore 
follow  a  leguminous  crop,  —  the  soy  bean.  After  the  beans 
were  harvested  r3'e  was  sown  as  a  cover  crop,  but  the  season 
of  sowing  was  so  late  that  it  had  made  but  little  growth 
Avhen  the  land  was  ploughed  for  potatoes  this  spring.  The 
variety  of  potatoes  grown  was  Beauty  of  Hebron.  The 
seed  stock  used  was  grown  in  northern  Maine.  On  April 
10  it  was  treated  in  the  customary  way  in  solution  of  cor- 
rosive sublimate  for  prevention  of  scab.  The  seed  was  then 
spread  in  a  single  layer  in  a  sunn}^  room,  where  it  remained 
until  May  5.  The  seed  stock  was  of  excellent  quality,  the 
tubers  in  general  smooth  and  of  good  size.  Before  planting 
they  were  cut  to  pieces  of  two  good  eyes  each.  They  were 
planted  in  rows  3  feet  apart  and  1  foot  apart  in  the  rows. 
It  is  a  matter  of  regret  that  the  stock  of  seed  reserved  for 
this  field  proved-  not  Cjuite  sufficient.  Plots  0  to  2  and  a 
part  of  o  were  planted  with  seed  also  grown  in  INIaine,  of 
the  AVhite  IMaine  variety.  This  also  was  treated  with  cor- 
rosive sublimate  solution,  and  before  planting  cut  to  pieces 
of  two  eyes.  It  was  not,  however,  budded  before  planting. 
Growth  throughout  the  early  part  of  the  season  was  normal 
and  good.  The  crop  was  spraj^ed  four  times  with  Bowker's 
Boxal,  which,  as  in  other  experiments,  proved  eflective  in 
destroying  bugs,  but  did  not  entirely  prevent  blight.  The 
dates  of  spraying  were  June  19  and  28,  and  Jul}^  11  and  26. 
Much  care  was  taken  in  spraying,  and  it  is  believed  that 
the  fact  that  blight  was  not  entirelv  prevented  was  due  to 
the  use  of  nozzles  which  tlirew  the  spray  onl}^  on  the  upper 
surfaces  of  the  leaves.  Blight  was  quite  general,  although 
onh' just  beginning,  on  August  12.  By  August  27  the  tops 
"Nvere  nearly  all  dead,  except  that  a  few  scattering  plants 
were  still  green  at  the  tips  on  plots  0,  1,  2  and  3,  and  that 
the  top  lea\'es  of  the  plants  were  generall}'^  green  on  plots 
5,  fi  and  8.     The   last  three  plots  are  those,  as  will  be  seen 
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by  the  table  below,  to  which  suli'ate  of  ammonia  was 
kpplicd  ;  and  it  seems  likely  that  this  longer  persistence  of 
life  in  the  tops  avus  connected  with  the  retarded  growth  due 
to  the  fact  <  that  the  nitrogen  of  the  sulfate  of  ammonia 
probably  became  available  relatively  late  in  the  season. 
Digging  the  crop  was  commenced  on  August  29  and  finished 
September  (>.  Those  plots  were  dug  first  on  which  it  was 
Ijelieved  there  was  most  decay.  Some  rotten  tubers  were 
found  on  all  plots,  those  affected  being  generally  of  large 
size.  The  amount  of  rot,  so  far  as  can  be  judged,  does  not 
appear  to  have  been  affected  by  the  nature  of  the  fertilizers 
used,  for  we  find  very  wide  variations  between  plots  all  of 
which  were  similarly  manured.  The  fertilizer  treatment 
and  the  yields  on  the  several  plots  are  shown  in  the  fol- 
lowing table  :  — 


Yield  of  Potatoes  per  Acre  (Bushels). 


Nitrogen  Fertilizer. 


Merchant- 
able. 


Small. 


Rotten. 


Barnyard  manure, 
Nitrate  of  soda, 
Nitrate  of  soda. 
Dried  blood,   . 
No  nitrogen,    . 
Sulfate  of  ammonia. 
Sulfate  of  ammonia. 
No  nitrogen,    . 
Sulfate  of  ammonia, 
No  nitrogen,    . 
Dried  blood,   . 


13-2.00 
n9.67 
104.17 
136.17 
93.33 
129.83 
1.53.83 
116.33 
102.00 
119.67 
157.67 


19.50 
15.50 
18.67 
24.50 
42.50 
35.67 
.34.67 
."jO-n 
.34.00 
40.00 
32.83 


16.33 
8.33 
21.67 
27.17 
32.67 
1.50 
14.50 
19.17 
27.00 
9.17 
37.67 


The  average  results  are  as  follows  :  — 


Fertilizer. 

Merchant- 
able 
(Bushels). 

Small 
(Bushels). 

Rotten 

(Bushels). 

Average  of  the  no-nitrogen  plots  (3), 

Nitrate  of  soda  plots  (2) , 

Dried  blood  plots  (2) , 

Sulfate  of  ammonia  plots  (3) , 

109.78 
111.93 
146.92 
128.65 

44.22 
17.09 
28.67 
34.78 

20.34 
15.00 
32.42 
17.89 
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The  relative  standino;  of  the  difTerent  materials  furnishing 
nitrogen,  calling  the  one  giving  the  largest  yield  100,  is  as 
follows  :  — 

Per  Cent. 

Dried  blood, 100.00 


Sulfate  of  ammonia. 
Barnyard  manure,    . 
Nitrate  of  soda, 
No  nitro^^en,     . 


87.10 
80.68 
69.22 
83.80 


The  nitrate  of  soda  stands  relatively  much  lower  than  in 
previous  experiments  on  this  field.  The  past  season  was 
exceptionally  rainj^  and  there  may  have  been  some  loss  of 
the  niti^ate,  all  of  which  was  applied  just  before  planting. 
Such  loss  would  not,  however,  account  for  the  fact  that 
the  yield  on  the  nitrate  is  below  that  on  the  no-nitrogen 
plots  ;  and  we  are  compelled  to  conclude  that  the  fact  that 
normal  development  and  ripening  were  interfered  with  by 
the  prevalence  of  blight  and  rot  has  prevented  the  several 
fertilizers  from  exertino-  a  full  normal  effect.  In  estimating 
the  significance  of  the  results,  we  must  not,  however,  lose 
sight  of  the  fact  that  the  crop  of  last  year  Avas  a  legume  (the 
so}^  bean) ,  and  that  the  great  abundance  of  nodules  upon  its 
roots  indicated  that  it  developed  under  conditions  making 
possible  a  very  large  assimilation  of  atmospheric  nitrogen. 

II.  —  Crops  of  the  Clover  Family  (Legumes)  as  Nitro- 
gen Gatherers. 
This  experiment  is  carried  out  in  conhection  with  ex- 
periments to  determine  the  relative  value  of  different 
materials  furnishing  nitrogen  on  Field  A.  Both  so}^  beans 
and  clover  have  been  used  previous  to  the  present  season, 
the  former  during  thi'ee  years  and  the  latter  for  one  year. 
The  crop  of  both  is  harvested.  Our  object  is  to  test,  not 
the  effect  of  ploughing  under  these  crops,  but  simply  the 
improvement  following  the  introduction  of  each  derived 
from  their  roots  and  stubble.  Previous  to  the  present  year 
the  results  have  indicated  little  or  no  improvement  in  the 
condition  of  the  soil  following  the  culture  of  the  soy  bean, 
and  a  very  great  improvement  followed  the  turning  under 
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of  the  clover  sod,  as  shown  bj  the  fact  that  the  potato  crop 
of  1900  grown  upon  the  clover  sod  was  almost  as  good 
where  no  nitrogen  fertilizers  have  been  used  for  eleven 
years  as  it  was  where  such  fertilizer  has  been  annually  used 
in  fairly  liberal  amounts.  The  crop  in  1901  was  soy  beans. 
For  the  present  season  it  was  potatoes.  The  average  yields 
for  this  year  as  Avell  as  for  the  previous  years  during  which 
the  experiment  has  continued  are  shown  by  the  table  :  — 

Effect  of  Leguminous  Crops  upon  the  Folloivinr/  Crop  [Pounds). 


1890. 

1891. 

1S93. 

1893. 

1894. 

1895. 

1896. 

Plots  (Each  One-tenth). 

O 

6 

to 
O 

a 

rt 

P 
o 

O 

a 

ci 
tu 
M 

o 
en 

Nitrogen  plots,  .... 
No-nitrogeu  plots,     . 

343 

290 

484 
421 

1,965 
1,443 

598 
540 

620 
452 

494 
370 

1,740 
1,143 

Effect  of  Leguminous  Crops  upon  the  Following  Crop  (Pounds) 

—  Concluded . 


1897. 

1898. 

1899. 

1900. 

1901. 

1903. 

Plots  (Each  One-tenth). 

to 
O 

to 

o 

o 

to 

0) 

o 

1 
o 

p-l 

C3 

M 
o 

o 
o 

Nitrogen  plots 

No-nitrogen  plots, 

445 
197 

254 
158 

413 
367 

1,316 
1,254 

442.2' 
398.3' 

1,053.6 
1,046.0 

1  Dry  beans  and  straw. 

There  are  three  plots  in  the  field  which  have  received 
neither  manure  nor  fertilizer  supplying  nitrogen  since  1884, 
and  the  figures  showing  yields  are  the  averages  for  these 
plots.  The  figures  for  the  nitrogen  plots  show  the  average 
products  of  the  eight  plots  in  the  field  which  have  yearly 
received  an  application  of  materials  furnishing  nitrogen  in 
fairly  liberal  amounts.  These  materials  are  as  follows : 
barnyard  manure,  one  plot ;  nitrate  of  soda,  two  plots ; 
sulfate  of  ammonia,  three  i)lots  ;  and  dried  blood,  two  plots. 
At  the  rates  at  which  they  are  used,  these  materials  furnish 
45  pounds   of  nitrogen  per  acre,  and  they  are  so  used  that 
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each  plot  receiving  a  nitrogen  fertilizer  receives  annuallj^ 
the  same  number  of  pounds  of  nitrogen.  The  past  season 
is  the  eighteenth  since  the  no-nitrogen  plots  have  been 
manured  with  anything  containing  nitrogen.  The  curve 
below  shows  the  per  cent,  which  the  yield  on  these  plots 
constitutes  of  the  yield  on  the  plots  manured  with  nitrogen. 


That  the  crop  of  potatoes  on  the  no-nitrogen  plots  this 
year  amounts  to  99.3  per  cent,  of  the  crop  on  the  plots 
receiving  nitrogen  is  a  fact  of  much  significance.  In  the 
earlier  years  of  this  experiment,  as  has  been  stated,  the 
crops  following  soy  beans  have  not  appeared  to  derive  any 
considerable  benefit  from  the  roots  and  stubble  of  this  crop. 
For  this  year  it  is  })elievcd  that  we  nuist  conclude  the 
benefit  is  considerable.  This  diflference  in  the  after-effect  of 
the  so}^  beans  is  possibly  explained  in  part  by  the  fact  that 
the  bacteria,  whose  presence  is  essential  to  the  acquisition 
of  atmospheric  nitrogen,  are  now  more  abundant  in  this  soil 
than  during  the  earlier  years  when  soy  beans  Avere  groAvn  ; 
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but  it  may  be  that  the  relative  standing  of  the  no-nitrogen 
plots  is  higher  than  it  would  have  been  had  the  crop  of 
potatoes  grown  to  normal  maturity.  It  will  be  rcmeml)ered 
that  blight  and  rot  prevailed  to  a  considerable  extent,  and 
these  would  naturall}^  injure  the  potatoes  with  the  ranker 
growth  more  than  those  where  the  growth  was  less  luxuriant. 
It  does  not  seem,  therefore,  that  we  are  justified  in  conclud- 
ing that  the  after-effect  of  the  soy  beans  is  as  useful  as  the 
relation  between  the  figures  appears  to  indicate. 

III. — The  Relative  Value  of  Mueiate  and  High-grade 
Sulfate  of  Potash,      (Field  B.) 

The  object  of  this  experiment,  which  has  been  in  progress 
since  1892,  is  to  determine  the  relative  value  for  different 
crops  of  the  two  leading  and  cheapest  sources  of  potash, 
viz.,  muriate  and  high-grade  sulfate.  These  salts  are  used 
in  equal  quantities  continuously  upon  the  same  land.  The 
field  contains  eleven  plots,  of  approximately  one-eighth  of 
an  acre  each.  Of  these,  six  have  been  yearly  manured  with 
muriate  of  potash  and  five  with  the  high-grade  sulfate. 
From  1892  to  1899  inclusive  these  salts  were  used  at  the 
rate  of  400  pounds  per  acre ;  since  1900  the  rate  of  appli- 
cation has  been  250  pounds  per  acre.  Fine-ground  bone  at 
the  rate  of  600  pounds  per  acre  has  been  yearly  applied  to 
all  plots.  Various  crops  have  been  groAvn  in  rotation, 
including  potatoes,  field  corn,  sweet  corn,  grasses,  oats  and 
vetch,  barley  and  vetch,  winter  rye,  clovers  of  various  kinds, 
sugar  beets,  soy  beans,  and  cabbages.  Most  of  these  crops 
have  been  grown  during  several  different  years.  All  have 
with  few  exceptions  given  uniformly  large  yields.  The 
results  to  date  may  be  summarized  as  follows  :  among  the 
crops  grown,  the  potatoes,  clovers,  cabbages,  and  soy  beans 
have  usually  done  much  the  best  on  the  sulfate  of  potash  ; 
the  yield  of  corn,  grasses,  oats,  barley,  vetches  and  sugar 
beets  has  been  about  equally  good  on  the  two  salts  ;  the 
quality  of  the  potatoes  and  sugar  beets  produced  on  the 
sulfate  of  potash  plots  has  been  'distinctly  better  than  that 
of  the  crops  produced  on  the  muriate  of  potash. 

The  crops  of  the  past  year  have  been  mixed  timothy  and 
clover,  cabbages,  potatoes,  and  onions. 
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1.  Timothy  and  Clover  (^Sulfate  v.  Muriate  of  Potash). 
Mixed  timothy  and  clover  occupied  two  plots  which  w^ere 
seeded  in  July,  1901.  The  proportion  of  clover  on  the 
sulfate  of  potash  plot  w'as  distinctly  greater  than  on  the 
other.  The  variety  of  clover  was  the  alsike.  The  yields 
are  shown  in  the  table  :  — 

Muriate  v.  High-grade  Sulfate  of  Potash.  —  Timothy  and  Clover 
Hay  per  Acre  (Pounds) . 


Muriate  of 
Potash. 


High  grade 

Sulfate 
of  Potash. 


Hay,  .       . 
Rowen, 

Totals, 


4,710 
1,745 


4,725 
1,997 


6,455 


6,722 


It  will  be  seen  that  there  is  no  considerable  difference  in 
the  amount  of  hay  yielded  by  the  two  potash  salts.  The 
first  crop,  indeed,  in  which  of  course  timothy  was  relatively 
abundant,  was  practically  equal  upon  the  two.  There  is 
more  difference  in  the  rowxn  crops,  which  is  without  doubt 
a  consequence  of  the  better  growth  of  the  clover  (which 
furnishes  most  of  the  rowen)  on  the  sulfate  of  potash.  Our 
results,  then,  are  confirmatory  of  those  in  previous  years, 
which  have  tended  to  show  that,  especially  in  cool  and  wet 
seasons,  clover  does  better  upon  sulfate  than  ui)on  muriate 
of  potash.  The  experiment  of  the  })resont  season  upon 
another  of  our  fields  (Field  G),  to  be  reported  later,  is 
also  strikingly  confirmatory  of  this  general  principle. 

2.  Cabbages. 
Cabbages  occupied  two  plots  (17  and  18)  on  which  clover 
was  grown  last  year ;  and  a  considerable  growtli  of  mixed 
white  and  alsike  clover,  with  some  sorrel  and  Aveeds,  was 
ploughed  in  a  few  days  before  planting  the  cabbages.  The 
variety  of  cabbage  grown  was  the  All  Seasons,  from 
Gregory  &  Son,  INIarblehead.  The  seed  was  planted  in  hills 
3  by  21/^  feet  apart  on  June  IC).  A  very  heavy  shower 
interru})ted  the  work,  and  so  packed  the  soil  on  the  nuu'iate 
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of  potash  plot,  where  the  planting  had  been  completed, 
that  germination  was  imperfect ;  while  on  the  other  plot, 
where  the  seed  was  put  in  after  the  shower,  the  stand  of 
plants  was  good.  When  the  plants  were  finally  thinned 
and  vacancies  filled,  it  was  found  necessary  to  use  some 
plants  from  the  sulfate  of  potash  plot  to  fill  vacancies  on 
the  other  plot.  The  summer  proved  so  cool  that  the  crop 
did  not  fully  mature  on  either  plot,  as  growth  was  unusually 
slow.     The  yields  are  shown  in  the  tahle  :  — 

Muriate  v.  High-grade   Sulfate  of  Potash.  —  Cabbages,    Yields 

per  Acre. 


Muriate  of 
Potash. 


High-grade 

Sulfate 
of  Potash. 


Hard  heads  (number), 
Hard  heads  (pounds), 
Soft  heads  (pounds) , 


■2,648 
26,063 
22,650 


3,420 
35,550 
18,263 


It  will  be  noticed  thf\t  the  total  yield  of  hard  heads  on 
the  sulfate  of  potash  was  materially  greater  than  on  the 
other  plot.  The  merchantable  value  of  the  hard  heads  on 
the  two  plots,  at  l/'2  cent  per  pound  was,  respectively,  for 
the  muriate  of  potash  $130.32,  for  the  sulfate  $177.75  ;  the 
sulfate,  therefore,  gave  a  crop  worth  $47.43  per  acre  more 
than  the  muriate.  The  sulfate  in  the  quantity  used  cost 
less  than  70  cents  i)er  acre  more  than  the  muriate.  The 
result  of  this  year  is  in  exact  agreement  with  the  result 
obtained  in  1899,  when,  as  this  year,  the  season  was  rather 
cold  and  rainy.  When  the  seasons  are  hot  and  relatively 
dry,  the  difference  between  the  two  salts  is  comparatively 
small,  and  sometimes  the  muriate  gives  a  slightly  better  crop 
than  the  sulfate.  It  seems  evident,  however,  that  on  all 
except  the  lightest  soils  the  sulfate  is  the  safer  of  the  two 
potash  salts  to  employ  for  the  cabbage  crop. 

3.  Potatoes  (Sulfate  v.  Muriate  of  Potasji). 
The    potatoes    grown    in    this  experiment  occupied  two 
plots,  1.5  and  16.     For  the  two  pr,eceding  years  these  plots 
had  been  in  clover,  the  clover  sod  being  turned  on  April  15. 
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The  variety  of  potatoes  was  Beauty  of  Hebron,  and  the 
seed  stock  was  purchased  in  northern  Maine.  It  was  pre- 
pared for  planting  by  treating  with  corrosive  sublimate  on 
April  10,  exposed  in  a  light  room  in  a  single  layer  until 
April  22,  and  then  cut  into  pieces  of  two  eyes  each.  The 
pieces  were  planted  1  foot  apart  in  rows  o  feet  apart  the 
same  day  the  tubers  were  cut.  The  crop  w^as  thoroughl}" 
cared  for  throughout  the  season.  It  was  sprayed  wdth 
Bowker's  prepared  insecticide  and  fungicide  four  times,  June 
19  and  28,  and  July  11  and  26.  As  in  our  other  experi- 
ments, the  spraying  proved  thoroughly  effective  in  destroy- 
ing bugs,  but  not  entirely  so  in  preventing  blight  and  rot. 
The  growth  on  both  plots  was  vigorous,  and  from  a  very 
early  period  there  was  a  marked  difference  in  the  shade  of 
green  on  the  two ;  the  vines  on  the  sulfate  of  potash  plot 
were  of  a  dark-green  color,  those  on  the  muriate  of  potash 
plot  were  of  a  light-yellowish  —  or  pea-green  color.  This 
difference  persisted  until  the  crops  began  to  ripen.  On 
August  5  the  tops  were  generally  beginning  to  show  signs 
of  ripeness.  On  the  12th,  blight  was  general,  though  not 
apparently  severe.  The  tops  were  entirely  dead  on  August 
29,  on  which  date  the  potatoes  were  dug.  They  were 
divided  into  two  gradcs^  as  to  size,  the  potatoes,  classed  as 
small  including  those  estimated  to  be  below  2  ounces  in 
weight.  There  was  considerable  rot,  as  a  rule  of  the  larger 
tubers  only.  The  total  weight  of  the  decayed  potatoes  on 
the  muriate  of  potash  plot  was  50  pounds,  on  the  sulfate  of 
)jotash  plot  314  pounds.  In  the  estimate  of  total  product 
these  tubers  are  included  with  the  merchantable.  The  yields 
were  at  the  rates  per  acre  shown  in  the  ta.ble  :  — 

Muriate  c.  High-grade  Sulfate  of  Potash.  —  Potatoes,  Yield  per 
Acre  {BusheU) . 


Muriate  of 
I'otash. 

High-grade 

Sulfate 
of  Potash. 

rotatoes,  merchantabk', 

Potatoes,  small, 

20S 
53 

215 
39 

Totals, 

•261                         254 
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The  total  yield  on  the  two  plots  is  nearly  the  same.  The 
crop  on  the  sulfate  of  potash  averaged  of  larger  size  than 
that  on  the  muriate,  but  there  was  most  decay  on  the  sulfate. 
Whether  this  fact  has  any  special  significance  it  is  impossible 
to  say,  without  repeating  the  experiment. 

4.  Onions  (^Sulfate  v.  Muriate  of  Potash). 
The  onions  grown  in  this  experiment  occupied  two  plots, 
19  and  20.  The  croj)  of  last  year  on  these  plots  was  cab- 
bages, with  winter  rye  as  a  cover  crop,  sown  before  the 
cabbages  were  harvested.  The  variety  of  onions  was  Dan- 
vers  Yellow  Globe.  The  seed  was  obtained  from  Gregory 
&  Son,  Marblehead,  1901  ;  it  was  therefore  one  year  old. 
It  was  sown  in  the  thoroughly  prepared  soil  in  rows  14 
inches  apart  on  April  24.  Growth  throughout  the  earlier 
part  of  the  season  was  very  slow,  and  the  final  crop  was 
poor.  The  fertilizers  usually  employed  on  this  series  of 
})lots  were  supplemented  by  the  application  of  a  combined 
form  of  quick-lime  and  nitrate  of  soda,  known  as  "  niter- 
lime,"  ^  at  the  rate  of  175  pounds  per  acre.  This  was 
applied  on  July  12  and  cultivated  in.  Soon  after  its  appli- 
cation growth  became  much  more  rapid ;  but  whether  this 
was  due  chiefly  to  the  somewhat  more  seasonable  weather 
which  then  prevailed,  or  to  the  application  of  niterlime,  we 
cannot  feel  certain.  The  onions  were  pulled  on  September 
23,  those  on  the  sulfate  of  potash  being  more  nearly  mature 
than  those  on  the  other  plot.  The  yield  per  acre,  in  bushels 
of  sound  onions  and  pounds  of  scallions,  is  shown  in  the 
table  :  — 


Muriate  v.  High-grade  Sulfate  of  Potash.  —  Onions,  Yield  per 

Acre. 


Muriate  of 
Potash. 


Uigli-grade 

Sulfate 
of  Potash. 


Onions  (bushels),    , 
Scallions  (pounds), 


110 
10,811 


8,8'2S 


1  Niterlime  contains :  niti'ogen,  about  10.5  per  cent. ;  and  lime,  about  20  per  cent. 
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It  will  be  seen  that  the  muriate  of  potash  has  given  the 
larger  yield  ;  but,  since  the  onions  on  the  suhatc  were  riper 
than  those  on  the  muriate,  the  figures  probably  have  no 
special  significance. 

IV.  —  Fertilizers  for  Garden  Crops,  (Field  C.) 
The  conclusions  now  presented  are  based  upon  the  results 
of  experiments  which  have  been  in  progress  since  1891. 
From  that  date  to  1898  chemical  fertilizers  alone  were  used. 
During  the  past  five  years  stable  manure  has  been  applied 
in  equal  (juantities  (at  the  rate  of  30  tons  per  acre)  to  each 
of  the  plots,  while  the  chemical  fertilizers  have  been  used 
in  the  same  amounts  and  applied  to  the  same  plots  as  at 
first.  The  crops  grown  during  this  series  of  years  have 
included  all  important  out-door  crops :  spinach,  lettuce, 
onions,  garden  peas,  table  beets,  earl}^  cabbages,  late  cab- 
bages, potatoes,  tomatoes,  squashes,  turnips,  sweet  corn, 
celery,  and  one  small  fruit,  —  strawberries.  Two  of  the 
perennial  garden  crops,  asparagus  and  rhubarb,  have  now 
been  planted,  but  these  will  not  be  discussed  in  the  present 
report.  Experiments  have  been  planned  with  reference  to 
throwing  light  especially  upon  two  points  :  — 

A.  The  relative  value  of  nitrate  of  soda,  sulfiitc  of 
ammonia  and  dried  blood  as  sources  of  nitrogen. 

B.  The  relative  value  of  sulfate  of  potash  and  muriate 
of  potash. 

These  two  points  will  be  separately  discussed. 

A.  —  The  Relative  Value  of  j\-itmie  of  Soda,  Sulfate  of 
Ammonia  and  Dried  Blood  as  Sources  of  JSfitrogen. 

The  three  fertilizers  used  as  sources  of  nitrogen  have  from 
the  first  been  applied  in  such  amounts  as  to  furnish  equal 
nitrogen  to  each  plot,  and  each  fertilizer  is  always  applied 
to  the  same  plot.  Each  of  the  nitrogen  fertilizers  is  used 
on  two  plots,  —  on  one  with  sulfate  of  potash,  on  the  other 
with  muriate.  Dissolved  bone-black  as  a  source  of  phos- 
phoric acid  is  applied  in  equal  quantities  to  all  plots.  The 
results  previous  to  this  year  may  be  thus  summarized  :  — 

For  the  early  crops,  i.e.,  the  crops  making  most  of  their 
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growth  before  inidsuiuiner,  including  onions,  lettuce,  table 
beets,  garden  peas,  and  strawberries,  the  nitrate  of  soda  has 
been   found   the   most    effective    source   of    nitrogen.     The 


relative   standing  of  the  ditferent  nitrogen   fertilizers  is 


as 


follows  : 


Nitrate  of  soda, 
Dried  blood, 
Sulfate  of  ainnionia, 


Per  Cent. 

.100.0 
92.7 
54.8 


For  late  crops,  including  cabbages,  turnips,  and  celery, 
the  relative  standing  is  :  — 

Per  Cent. 

Nitrate  of  soda, 100.0 

Dried  blood,       .         .         .         .         .         .         .         .       98.7 


Sulphate  of  ammonia, 


77.5 


The  average  rate  of  yield  per  plot  for  each  of  the  nitrogen 
fertilizers  for  the  present  season  is  shown  in  tlie  following 
table  :  — 

Nitrogen  Fertilizer.'^  compared  for    Garden  Crops.  —  Yield  per 
Plot  (Pounds). 


Average 

Onions. 

Tomatoes. 

Straw- 
berries. 

Celery. 

OF 

Two  Plots. 

Ripe. 

Scallions. 

Ripe. 

Green. 

Squashes. 

Nitrate  of  soda, 
Sulfate  of  ammonia, 
Dried  blood,      . 

367.. 1 
209..'? 
357.0 

29 
94 
34 

23.5.9 
242.1 
403.7 

264 
345 
269 

125.8 
128.4 
146.4 

360 
180 
295 

841.3 
819.6 
807.4 

It  will  be  seen  that  for  most  of  the  crops  the  results  are 
similar  to  the  average  results  of  preceding  years.  Nitrate 
of  soda,  however,  stands  relatively  somewhat  lower.  Com- 
bining the  results  of  this  year  with  those  of  previous  years, 
the  relative  standing  of  the  different  fertilizers  used  as 
sources  of  nitrogfen  is  as  follows  :  — 

For  the  early  crops,  including  onions  and  strawber- 
ries :  — 


Nitrate  of  soda. 
Dried  blood. 
Sulfate  of  ammonia. 


Per  Cent 
100.0 

93.7 
67.3 
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For  the  late  crops,  including  tomatoes,  celery,  and 
squashes : — 

Per  Cent. 

Nitrate  of  soda 100.0 

Dried  blood, 99.0 

Sulfate  of  ammonia,   .......       78.4 

Since  nitrate  of  soda  furnishes  a  pound  of  nitrogen  at 
lower  cost  than  an^^  other  of  the  fairly  concentrated  fertil- 
izers, it  becomes  very  evident,  in  view  of  our  results,  that 
it  should  be  used  as  the  source  of  this  element,  as  largely  as 
the  nature  of  the  conditions  permits.  It  should  be  remem- 
bered, as  has  been  stated  in  previous  reports,  that  the  soil 
of  Field  C  is  a  moderately  retentive  loam.  Upon  a  lighter 
soil  the  superiority  of  the  nitra^te  would  probably  be  less 
marked.  It  must  again  be  pointed  out  that  experiments 
here,  as  elsewhere,  make  it  very  probable  that  the  relative 
standing  of  the  sulfate  of  anmionia  would  be  bettered  by 
making  a  heavy  application  of  lime  to  the  plots  where  it  is 
used.  Since,  however,  the  pound  of  nitrogen  costs  more 
in  the  sulfate  of  ammonia  than  in  either  the  nitrate  or  the 
dried  blood,  it  would  seem  that  there  can  be  little  probability 
that  the  selection  of  this  nitrogen  fertiljzer  is  usually  wise. 
Its  physical  properties,  it  is  true,  are  such  that  it  is  more 
readily  and  conveniently' used  in  mixtures  with  other  ma- 
terials than  the  nitrate,  since  the  latter  attracts  moisture, 
while  the  sulfate  of  ammonia  does  not  do  this  to  any  con- 
siderable extent.  If,  however,  nitrate  of  soda  which  has 
been  recently  reground  and  which  has  been  stored  in  a  dr}^ 
place  be  used,  and  if  the  mixture  can  be  applied  soon  after 
it  is  made,  there  is  little  difficulty  in  employing  nitrate. 

B.  —  The  JRelative  Value  of  Sulfate-  and  Muriate  of  Potash 
for  Garden  Crojjs. 
The  history  of  the  plots  where  these  two  potash  salts  arc 
under  comparison  has  been  outlined  under  section  A.  The 
crops  are  the  same  as  those  which  have  been  named  under 
that  section.  Each  potash  salt  is  used  on  three  plots,  i.e., 
with  each  of  the  three  nitro<2;en  fertilizers.  The  results  of 
the  past  year  are  shf)\vn  in  llu^  following  table  :  — 
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Sulfate  and  Muriate  of  Potash  compared  as  Fertilizers  for  Gar- 
den Cru2)s.  —  Yield  i^er  Plot  {^Poxinds) . 


Average  of  Three  Plots. 

Onions. 

Tomatoes. 

Straw- 
berries. 

Celery. 

Squashes. 

Muriate  of  potasb 

High-grade  sulfate  of  potasli, 

360 
367 

579.8 
593.0 

135.7 
131.4 

■270 

•287 

879.7 
766.2 

In  the  discussion  of  the  relative  standing  of  these  two 
potash  salts,  the  same  crops  are  included^  respectively  under 
the  headings  early  and  late  as  those  specified  in  section  A. 
The  relative  standing  of  these  two  salts  at  the  beginning 
of  the  present  year  is  shown  in  the  following  table  :  — 


Fertilizers. 


Earlj-  Crops 
(Percent.). 


Late  Crops 
(Percent.). 


Sulfate  of  potash, 
Muriate  of  potash, 


100.0 
92.6 


100.0 
103.0 


Including  the  crops  of  the  past  year,  the  relative  stand- 
ing of  the  two  potash  salts  is  as  follows  :  — 


Fertilizers. 


Earlj'  Crops 
(Percent.). 


Late  Crops 
(Percent.). 


Sulfate  of  potash, 
Muriate  of  potash, 


100.0 
93.2 


100.0 
102.9 


Attention  is  called  to  the  fact  that  the  results  of  this  year 
are  in  exact  accord  with  those  of  earlier  years.  The  sulfate 
of  potash  proves  considerably  superior  to  the  muriate  for 
the  crops  making  most  of  their  growth  early  in  the  season, 
while  for  those  making  their  growth  in  the  latter  part  of  the 
season  the  muriate  is  slightly  superior. 

V.  —  Comparison  of  Diffekent  Potash  Salts  for  Field 
Crops.     (Field  G.) 
Since   1898  the  following  potash  salts  have  been  under 
comparison  for  various  field  crops  :  kainite,  high-grade  sul- 
fate,   low-grade   sulfate,    muriate,    nitrate,    carbonate,    and 
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silicate.  Each  is  applied  annuall}^  to  the  same  plot,  and  all 
are  used  in  such  quantities  as  to  furnish  equal  potash  to  each 
plot.  All  plots  arc  equally  manured  with  materials  furnish- 
ing nitrogen  and  phosphoric  acid.  There  are  forty  plots, 
in  five  series  of  eight  plots  each,  each  series  including  a 
no-potash  plot  and  one  for  each  potash  salt  used.  The  area 
per  plot  is  about  one-fortieth  of  an  acre.  The  crops  on  this 
land  last  year  were  winter  wdieat  on  one  series  and  ensilage 
corn  on  the  other  four  series.  On  the  series  occupied  by 
the  winter  wheat,  clover  was  sown  after  rcploughi^ng,  the 
last  of  July.  On  the  four  series  occupied  by  corn  last  year 
clover  was  sown  in  the  corn  early  in  August.  The  clover  on 
the  series  following  w^heat  got  an  excellent  start,  and  w^ent 
through  the  winter  well.  The  clover  on  the  other  series, 
owing  to  the  dense  shade  of  the  corn,  ^\'hich  was  very  heavy, 
made  much  less  growth,  and  was  to  a  considerable  extent 
wdnter-killed.  On  these  plots,  Nos.  9  to  40,  it  was  neces- 
sary to  sow  additional  seed  this  spring.  This  was  done 
on  March  2G,  when  the  soil  and  weather  conditions 
were  favorable.  The  seed  sown  at  this  time  started  w^ell. 
The  usual  fertilizers  were  applied  this  spring  on  April  25. 
The  crop  on  all  the  plots  was  cut  on  June  11.  That  on  the 
series  which  followed  wheat  was  well  grown,  and  the  product 
of  each  plot  was  separately  weighed.  The  product  of  the 
other  plots  was  much  mixed  with  weeds,  which,  on  account 
of  the  winter-killing,  were  able  to  make  considerable  growth  ; 
and  it  was  not  considered  that  the  weights  would  have  much 
value,  as  indicating  the  relative  ^ield  of  clover.  Before  th6 
clover  was  cut,  however,  the  plots  were  carefully  examined. 
It  was  found  that  on  each  of  the  plots  to  which  kainite  had 
been  applied  the  condition  of  the  young  clover  was  much 
inferior  to  that  of  the  clover  on  the  other  plots.  The  color 
was  poor,  while  many  of  the  plants  appeared  to  be  d3ing. 
This  difference  was  not  apparent  between  the  clover 
plants  which  had  survived  the  winter  on  the  different  plots. 
Examination  disclosed  the  further  fact  that  there  was  a 
somewhat  similar  degree  of  inferiority  in  the  condition  of 
th(^  young  clover  on  all  of  the  plots  which  had  received  an 
application  either  of  the  low-grade  sulfate  of  potasli  or  of 
muriate  of  potash,  as  compared  with  that  on  the  other  plots. 
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Indeed,  at  this  time  the  young  eh)vcr  on  all  the  kainite, 
low-grade  sulfate  and  muriate  of  potash  plots  {tppeared  to 
be  inferior  to  that  on  the  plots  whieh  had  received  no  potash. 
By  the  middle  of  the  season  there  were  man\'  places,  in  all 
these  plots  on  which  there  Avas  no  clover.  Before  the  end 
of  the  season,  however,  such  clover  plants  on  these  plots  as 
survived  became  perfectl}^  healthy,  and  Avere  characterized 
by  a  marked  degree  of  vigor.  It  cannot  be  doubted,  in  view 
of  the  unfavorable  results  which  have  been  previously  ob- 
tained in  our  experiments  where  mm'iate  of  potash  has  been 
used  for  clover,  that  it  is  the  chlorides  in  the  three  fertilizers 
which  cause  the  injur3^  Chlorides  may  produce  this  eftcct 
either  because  of  the  increased  loss  of  lime  which  their  use 
leads  to,  or  possibly  because  of  the  fact  that  their  continued 
use  brings  the  soil  into  an  acid  condition.  Either  deficiency 
of  lime  or  presence  of  free  acid  is  known  to  be  decidedly 
unfavorable  to  the  growth  of  clover. 

All  the  plots  in  the  field  Avere  cut  twice  subsequent  to 
June  11,  viz.,  on  August  4  and  October  10.  On  the  first 
date  there  was  a  moderate  growth  of  small  weeds  and  a  few 
large  ones  on  the  plots  on  which  the  clover  was  poor,  i.e., 
on  the  kainite,  muriate  of  potash,  and  loAV-grade  sulfate  of 
potash  plots.  These,  as  far  as  practicable,  were  throAvn  out. 
In  estimating  the  significance  of  the  difl^erences  in  yield, 
hoAvever,  it  should  be  remembered  that  the  real  difference  in 
the  condition  and  groAvth  of  the  clover  AA^as  undoubtedly 
greater  than  the  figures  indicate,  as  Avhere  the  clover  is 
weakest  the  weeds  are  most  numerous,  and  it  is  impossible 
to  separate  them  all.  The  crops  cut  Avere  carefully  cured  in 
cocks  Avithout  loss  of  leaf,  and  the  hay  Avas  well  dried  Avhen 
weighed.  The  tables  shoAv  the  rates  of  yield  per  acre  and 
the  averages  for  the  last  tAvo  cuttings  of  the  several  potash 

salts  :  — 

Clover.  —  Yield  2^67'  Acre  (Pounds) . 


Potash  Salt. 


Hay. 


First  Cut, 
Rowen. 


Second 

Cut, 
Rowen. 


Total 


No  potash, 
Kainite,  . 
High-grade  sulfate. 


2,458 
2,681 
2,681 


2,078 
2,491 
2,301 


1,273 

1,475 
1,564 


5,809 
G,647 
6,546 
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Clover.  —  Yield  per  Acre  (^Pounds)  —  Concluded. 


ID 

o 

s 

Potash  Salt. 

Hay. 

First  Cut 
Rowen. 

Second 

Cut, 
Rowen. 

Totals. 

4 

Low-grade  sulfate 

2,904 

2,324 

1,430 

6,668 

5 

Muriate,     . 

2,904 

2,188 

1,609 

6,701 

6 

Nitrate,      . 

3,128 

2,156 

1,475 

6,759 

7 

Carbouate, 

3,128 

2,391 

1,430 

6,949 

8 

Silicate,      . 

3,128 

2,4S0 

1,541 

7,149 

9 

No  potash, 

- 

2,100 

1,273 

3,373 

10 

Kainite,     . 

- 

1,966 

849 

2,815 

11 

High-grade  sulfate. 

- 

2,569 

1,296 

3,865 

12 

Low-grade  sulfate, . 

- 

2,458 

1,229 

3,687 

13 

Muriate,     . 

- 

.  2,414 

1,162 

3,576 

14 

Nitrate, 

- 

2,670 

1,162 

3,832 

15 

Carbonate, 

- 

2,458 

1,385 

3,843 

16 

Silicate, 

- 

2,793 

1,206 

3,999 

17 

No  potash. 

- 

2,435 

670 

3,105 

18 

Kainite,     . 

- 

2,145 

.-iSl 

2,726 

19 

High-grade  sulfate, 

- 

2,636 

983 

3,019 

20 

Low-grade  sulfate, . 

- 

2,726 

961 

3,687 

21 

Muriate,     . 

- 

2,547 

1,340 

3,887 

22 

Nitrate, 

- 

2,815 

1,251 

4,066 

23 

Carbonate, 

- 

2,591 

1,117 

3,708 

24 

Silicate, 

- 

■    2,726 

1,251 

3,977 

25 

No  potash. 

- 

2,234 

626 

2,860 

26 

Kainite, 

- 

2,324 

849 

3,173 

27 

High-grade  sulfate, 

- 

2,815 

1,206 

4,021 

2s 

Low-grade  sulfate,  . 

- 

2,525 

983 

3,508 

2'.) 

Muriate,     . 

- 

2,(;si 

938 

3,619 

30 

Nitrate, 

- 

2,748 

1,117 

3,865 

31 

Carbonate, 

- 

2,591 

1,162 

3,753 

32 

Silicate, 

- 

2,860 

1,340 

4,200 

33 

No  potash, 

- 

2,435 

849 

3,284 

34 

Kainite,     . 

- 

2,100 

760 

2,860 

35 

High-grade  sulfate. 

- 

2,703 

1,251 

3,954 

36 

Low-grade  sulfate, . 

- 

2,636 

1,162 

3,798 

37 

Muriate,     . 

- 

2,949 

1,072 

4,021 

38 

Niti-ate,      .... 

- 

2,6.S[ 

1,117 

3,798 

31) 

Carbonate, 

- 

2,681 

983 

3,664 

40 

Silicate,     .... 

- 

2,502 

849 

3,.'551 
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Clover  Eotven.  —  Average   Yield  per  Acre   {Pounds). 


Potash  Salt. 


First  Cut, 
Rovven. 


Second  Cut, 
,  Roweu. 


No  potash  (1,9, 17,  25,  33),     . 
Kiiinitc  (2,  10,  18,  26,  ;W), 
Illgh-gradc  sulfate  (3,  11,  19,  27,  35), 
Low-grade  suirale  (4,  12,  20,  28,  3(1), 
Muriate  (5,  13,  21,29,  37), 
Nitrate  (6, 14,  22,  30,  38), 
Carbonate  (7,  15,  23,  31,  39),  .,      . 
Silicate  (8, 16,  24,  32,  40), 


2,256 
2,205 
2,605 
2,534 
2,556 
2,014 
2,542 
2,672 


938 
903 
1,260 
1,153 
1,224 
1224 
1,215 
1,237 


The  figures  call  for  little  comment.  They  strikingly  show 
the  marked  inferiority  of  the  product  on  the  plot  receiving 
kainitc.  Not  only  is  the  average  product  on  this  plot  lower 
than  the  yield  on  any  of  the  other  potash  salts,  — but  it  is 
lower  in  every  series  except  one  than  the  jdcld  on  the  plot 
receiving  no  potash.  The  potash  salt  giving  the  highest 
average  total  yield  is  the  silicate,  —  almost  as  good  is  the 
high-grade  sulfate,  — while  the  yield  on  the  nitrate  muriate 
and  carbonate  is  not  far  behind. 

VI.  —  Comparison  of  Phosphates  on  the  Basis  of  Equal 
^^PLiCATiON  OF  Phosphoric  Acid, 
In  this  experiment,  which  has  been  in  progress  six  years, 
we  have  under  comparison  the  following  phosphates  :  apatite, 
South  Carolina  rock  phosphate,  Florida  soft  phosphate,  phos- 
phatic  slag,  Tennessee  phosphate,  dissolved  bone-black, 
raw  bone,  dissolved  bone,  steamed  bone,  and  acid  phosphate. 
The  phosphates  are  all  applied  in  the  finely  ground  form, 
being  carefully  spread  broadcast  after  ploughing  in  the 
spring,  and  harrowed  in.  Three  plots  in  the  field  have  re- 
ceived no  phosphoric  acid  in  any  form  since  the  beginning 
of  the  experiment.  The  plots  are  one-eighth  of  an  acre 
each  in  area.  The  phosphates  yearly  applied  are  used  in 
quantities  sufficient  to  furnish  actual  phosphoric  acid  at  the 
rate  or  96  pounds  to  the  acre.  All  plots  are  manured  alike, 
with  materials  furnishing  nitrogen  and  potash  in  available 
forms  and  in  equal  amounts  to  each.  The  materials  regu- 
larly used  furnish  nitrogen  at  the  rate  of  52  pounds  and 
potash  at  the  rate  of  152  pounds  per  acre.     During  the  past 


126 


HATCH   EXPERIMENT   STATION. 


[Jan. 


year  every  plot  in  the  field  has  received  an  extra  application 
furnishing  nitrogen  during  the  growth  of  the  crop.  The 
material  used  was  niterlimc,  a  combination  of  nitrate  of 
soda  and  quicklmie,  containing  10.44  per  cent,  nitrogen  and 
20.41  per  cent.  lime.  This  was  applied  broadcast  on  July 
2,  at  the  rate  of  176  pounds  per  acre,  and  cultivated  in. 

The  preceding  crops  have  been  :  corn,  cabbages,  corn, 
and  in  1900  oats  for  hay,  and  Hungarian  grass  also  cut 
for  ha}',  and  onions.  With  the  exception  of  the  onions, 
all  these  crops  have  given  large  fields,  even  on  the  three 
plots  in  the  field  which  have  received  no  appUcation  of 
phosphoric  acid.  Attention  is  once  more  called  to  the  fact 
that  the  soil  of  plot  1  seems  to  have  been  naturally  in  a 
much  higher  condition  of  fertility  than  that  of  any  other 
plot  in  the  field.  In  estimating  the  significance  of  the  re- 
sults, therefore,  the  yield  of  this  plot  should  be  disregarded. 
A  more  correct  indication  of  the  eftect  of  each  of  the 
phosphates  on  plots  2  to  6  is  afforded  b}^  comparing  the 
yields  of  those  plots  with  the  yield  on  plot  7.  It  is,  how- 
ever, without  doubt  true  that  the  soil  from  plot  7  towards 
plot  1  improves  gradually  in  physical  condition  and  natural 
>  fertility.  The  crop  the  present  year  has  been  onions. 
These  throughout  this  part  of  the  State  have  generally  been  a 
yiooY  crop  this  year.  Our  yields  are  comparative!}-  small  even 
on  the  best  plots.     The  results  are  given  in  the  table  :  — 


0)nons  on  Plots  loith  Equal  Amounts'  of  Pliosplwric  Acid. 


Fertilizer. 


No  phosphate 

Apatite 

South  Carolina  rock  phosphate, 
Florida  soft  phosphate, . 
Fhosphatic.  slag, 
Tennessee  phosphate,     . 
No  phosphate,  .... 
Dissolved  bone-blacls,     . 
Raw  bone,        .... 
Dissolved  bone  meal, 
steamed  bone  meal. 
Acid  phosphate. 
No  phos))hatc,  .... 


Onions 

(Bushels  per 

Acre) . 

Scallions 

(Pounds  per 

Acre) . 

l!l,^).7 

S,.t60 

101.7 

8,480 

121.S 

9,360 

.02. 3 

6,880 

•2.52.0 

.5,600 

44.6 

6,960 

m.ii 

.5,360 

173.8 

.5,640 

.-JO  1.4 

4,144 

3f;>S.U 

.5,400 

243.8 

5,840 

l.ii).4 

6,.560 

2(i.2 

6,(;!)i) 
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Up  to  the  time  Avhen  onions  were  introduced  a.s  a  crop 
on  this  field,  the  leading"  conclusions  drawn  from  the  experi- 
ments were  the  following  :  — 

1.  The  phosphatic  slag  has  apparently  furnished  phos- 
phoric acid  in  an  exceedingly  available  form,  tlie  yield  on 
the  plot  receiving  the  slag  being  almost  C(j[ual  to  that  on  the 
dissolved  bone-black. 

2.  The  Florida  soft  phosphate  has  given  the  lowest  yields 
of  any  plot  receiving  phosphoric  acid. 

3.  Steamed  bone  meal  appears  to  be  inferior  in  availa- 
bility to  raw  bone  meal. 

For  last  j^ear  the  phosphates  giving  the  largest  yields  of 
sound  onions,  mentioned  in  the  order  of  their  rank,  were  : 
raw  bone,  phosphatic  slag.  South  Carolina  rock  phosphate, 
apatite,  dissolved  bone  meal,  and  dissolved  bone-black.  All 
others  gave  yields  under  200  bushels  to  the  acre. 

Examination  of  the  table  shows  that  the  results  are  in 
o-eneral  similar  to  those  of  last  year :  the  differences,  how- 
ever,  are  much  greater  and  the  apatite  and  South  Carolina 
rock  phosphate  take  a  relatively  much  lower  rank.  The 
dissolved  bone  meal  gives  the  largest  crop  ;  raw  bone  ranks 
next ;  while  the  phosphatic  slag  stands  next  in  order,  with 
steamed  bone  meal  not  far  behind. 

The  proper  ripening  of  the  onion  crop,  as  shown  by  this 
as  well  as  other  of  our  experiments,  appears  to  be  dependent 
in  very  large  measure  upon  the  presence  of  a  liberal  supply 
of  highly  available  phosphoric  acid.  It  appears  very  doubt- 
ful, therefore,  whether  it  is  likely  ever  to  prove  expedient 
to  de]i)end  upon  natural  rock  phosphates  or  untreated  bone 
as  a  source  of  phosphoric  acid  for  this  crop. 

VII. —  Soil  Tests. 
During  the  past  season  we  have  conducted  three  soil 
tests, — two  upon  our  own  grounds,  both  in  continuation 
of  previous  work  upon  the  same  fields,  and  one  on  the 
farm  of  A.  M.  Ljauan  of  Montague.  In  these  experiments 
the  fertilizers  are  used  in  accordance  with  the  co-operative 
plan  for  soil  tests  adopted  in  Washington  in  ]<S89.  Each 
plot  receives  annualh'  the  same   kinds   of   fertilizers,   and 


128  HATCH   EXPERIMENT    STATION.         [Jan. 

usually  in  the  same  amounts.  These  experiments  are  not 
calculated  to  secure  the  production  of  heavy  crops,  but  are 
designed  rather  to  throw  light  upon  the  general  question  as 
to  how  the  different  crops  should  be  manured  for  the  most 
profitable  results.  The  fertilizers  are  so  applied  that  it 
becomes  possible  to  determine  with  much  accuracy  the  effects 
of  each  of  the  leading  elements  of  plant  food.  Every  fertil- 
izer used,  whether  applied  by  itself  or  in  connection  with  one 
or  both  of  the  other  fertilizer  materials,  is  always  applied 
in  the  same 'quantities.  Fertilizers  and  manures  are  always 
applied  broadcast  after  ploughing,  and  harrowed  in.  The  fol- 
lowing table  shows  the  kinds  and  usual  amounts  per  acre  :  — 

Nitrate  of  soda,  160  iDounds,  furnisliing  nitrogen. 

Dissolved  bone-black,  320  pounds,  furnishing  phosiilioric  acid. 

Muriate  of  i)otasli,  160  pounds,  furnishing  jpotash. 

Land  plaster,  400  pounds. 

Lime,  400  pounds. 

Manure,  5  cords. 

A.  —  /Soil  Test  toilh   Corn  (South  xlcre),  Amherst. 

This  acre  has  been  used  in  soil  tests  for  fourteen  years, 
beginning  in  1881).  The  crops  in  successive  years  have 
been  as  follows:  corn,  corn,  oats,  grass  and  clover,  grass 
and  clover,  corn  (followed  by  mustard  as  a  catch  crop),  rye, 
so}^  beans,  white  mustard,  corn,  corn,  grass  and  clover, 
grass  and  clover,  and  this  year  corn  once  more.  Since  1889 
this  field  has  therefore  borne  six  corn  crops,  and  during  this 
time  it  has  been  four  years  in  grass. 

It  will  be  noticed  that  the  crop  last  year  was  grass.  The 
sod  Avas  turned  on  April  12.  The  land  was  thoroughly 
harrowed,  twice  before  sowing  the  fertilizer  and  once  after. 
The  variety  of  corn  was  Sibley's  Pride  of  the  North.  It 
was  planted  in  drills,  3^/2  feet  apart,  on  May  22.  The  sea- 
son was  cold  and  unfavorable  to  corn,  but  in  spite  of  this 
fact  the  crop  made  very  good  growth  upon  the  four  plots  to 
Avhicli  potash  has  been  j^early  applied  and  upon  the  plot 
which  has  been  yearly  manured.  Four  of  the  plots  in  this 
field  have  received  no  manure  nor  fertilizer  throughout  the 
entire  fourteen  years,  and  these  show  a  high  degree  of  ex- 
haustion,—  indeed,    these    produced    scarcely    any    sound 
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grain  this  year.  The  crop,  however,  is  not  yet  sufficiently 
dried  to  shell ;  and  calculation,  allowing  90  i)Ounds  of  ears, 
as  weighed  November  22,  to  a  bushel,  shows  that  the  averao-o 
apparent  yield  is  at  the  rate  of  9.7  bushels  per  acre.  The 
actual  yield  of  grain  is  believed  to  be  under  4  bushels  per 
acre.  The  table  shows  the  manuring  of  the  several  plots 
the  rate  of  yield,  and  the  gain  or  loss  per  acre  compared 
with  the  nothing  plots  :  — 

Corn.— South  Acre  Soil  Test,  1902. 


Fertilizer  used. 


Nitrate  of  soda, 

Dissolved  boue-black,   . 

Nothing, 

Muriate  of  potash, . 

Lime, 

Notliing, 

IManiire 

Nitrate  of  soda  aud  dissolved 

boue-black. 
Nothing, 

Nitrate  of  soda  and  muriate 

of  potash. 
Dissolved   bone-black   and 

muriate  of  potash. 
Nothing 

Plaster 

Nitrate  of  soda,  dissolved 
boue-black  aud  mimate  of 
potash. 


Yield  per  Acre. 


Corn 

(Bushels, 

90  Pounds) 


7.3 
11.4 
10.4 
47.7 

4.9 
10.4 
68. 7 
11.2 

9.2 
53.4 
55.9 

8.8 
14.6 
56.2 


Stover 
(Pounds) 


1,180 
1,780 
1,480 
4,760 
SCO 
800 
6,220 
1,380 
1,360 
3,540 
4,640 
1,.300 
1,880 
4,540 


Gain  or  Loss  per  Acre, 

compared 

with  Nothing  Plots. 


Corn 

(Bushels,  90 

Pounds). 


-3.1 
1.0 


37.3 

—5.5 


58.3 
2.0 


44.3 

47.0 


5.8 
47.4 


Stover 
(Pounds). 


—300 
300 

3,507 
—167 

5,420 
20 

2,200 
3,320 

580 
3,240 


The  effect  of  each  of  the  three  elements  of  plant  food  — 
nitrogen,  phosphoric  acid  and  potash  —  is  more  clearly 
broui^ht  out  in  the  tables  which  follow  :  — 


Results  of  the  Addition  of  Nitrogen  to  — 

Nothing. 

Phosphoric 
Acid. 

Potash. 

Phosphoric 
Acid  and 
Potash. 

Average 
Kesults. 

Com  (bushels),    . 
Stover  (pounds), . 

—3.1 

—300 

1.0 

—280 

7.0 
—1,307 

.4 

—80 

1.3 

—492 

Value  of  decrease, $0  45 

Financial  result  (loss), 365 


130 


HATCH   EXPERIMENT   STATION. 


[Jan. 


Results  of  the  Addition  of  Phosphoric  Acid  to  — 

Nothing. 

Nitrogen. 

Potash. 

Nitrogen 
and  Potash. 

Average 

Results. 

Corn  (bushels),    . 
Stover  (pounds), . 

1.0 
300 

5.1 

320 

9.7 
-187 

3.1 

1,040 

4.7 
368 

Value  of  increase,    . 
Financial  result  (gain), 


74 
54 


Value  of  Increase $34  06 

Financial  result  (gain) 30  86 


Results  of  the  Addition  to  Nothing  of— 

Lime. 

Manure. 

Plaster. 

Complete 
Fertilizer. 

Corn  (bushels) 

— 5.5 

58.3 

5.8 

47.4 

Stover  (pounds) 

-167 

5,420 

580 

3,240 

Value  of  increment 

- 

$48  53 

$4  93 

$36  54 

Value  decrease, 

$3  72 

- 

- 

- 

Financial  result 

$6  12  loss. 

$23  53  gain. 

$1  33  gain. 

$26  94  gain. 

TJie  Effect  of  tlie  Nitrogen.  — It  will  be  noticed  that  the 
employment  of  nitrate  of  soda  alone  (nitrogen)  gives  a 
crop  Avhich  is  actually  less  than  that  produced  where  no  fer- 
tilizers are  used.  This  variation  is  very  likely  accidental, 
as  it  can  hardly  be  supposed  that  the  nitrate  is  actually 
injurious.  When  used  with  potash  alone,  the  nitrate  gives 
a  moderate  increase  in  the  crop.  The  average  result  is 
an  increase  of  a  little  more  than  a  bushel  of  grain,  but  a 
decrease  of  nearly  500  })ounds  in  stover.  The  nitrate  does 
not  pay  for  itself,  on  either  of  the  four  plots  to  which  it 
was  applied  ;  for  the  cost  of  the  100  pounds  is  $3. 00,  and 
on  the  only  })lot  Avherc  the  increase  in  grain  is  sufficient  to 
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be  worth  this  sum  there  is  a  decrease  iu  the  amount  of 
stover,  which  brings  the  net  increased  value  below  the  cost 
of  the  nitrate. 

The  Effect  of  the  Phoq^horic  Acid.  —  Dissolved  bone- 
black  (phosphoric  acid)  used  alone  produced  an  insignifi- 
cant increase.  In  the  difterent  combinations  the  results  of 
its  use  indicate  it  to  be  moderately  beneficial.  The  best 
result  is  secured  where  it  is  employed  in  connection  with 
potash.  The  cost  of  the  dissolved  bone-black  Avherever 
employed  was  at  the  rate  of  about  $3.20  per  acre.  The 
average  increase  in  crop  is  suflicient  to  barely  cover  this 
amount.  Particular  attention  is  called  to  the  splendid  crop 
produced  Avhere  dissolved  bone-black  and  muriate  of  potash 
are  used  together.  The  combination  of  these  two  fertilizers 
without  nitrogen  apparently  suffices,  under  the  system  of 
rotation  which  has  been  followed,  to  fully  maintain  the 
productiveness  of  this  plot.  Last  year  its  yield  was  at  the 
rate  of  1,900  pounds  of  hay  to  the  acre  in  the  first  crop  and 
1,500  pounds  of  rowen  in  the  second  crop.  As  was  pointed 
out  last  year,  this  splendid  product  is  undoubtedly  due  to 
the  capacity  which  clover  grown  in  mixture  with  the  grasses 
possesses  to  draw  the  needed  nitrogen  from  the  air.  The 
advantage  obtained  by  this  system  of  manuring  is,  however, 
not  exhausted  when  we  have  taken  the  hay  crops ;  for,  as 
shown  by  the  yield  of  corn  this  year  of  almost  56  bushels 
of  sound  grain  to  the  acre,  the  corn  crop  which  requires  a 
large  amount  of  nitrogen  (which,  so  far  as  we  know,  must 
be  taken  from  the  soil) ,  is  able  to  derive  the  needed  quantity 
of  this  element  from  the  products  of  the  decay  of  the  clover 
roots  and  stubble.  The  expenditure  for  fertilizers  applied 
to  this  plot  has  been  at  the  rate  of  about  $6.40  per  acre,  and 
for  this  sum  we  have  this  year  nearly  56  bushels  of  corn 
and  more  than  21/2  tons  of  stover.  Moreover,  the  beneficial 
effects  of  this  system  of  manuring  appear  to  be  cumulative. 
The  productivity  of  this  plot  shows  not  the  slightest  signs 
of  decrease  after  fourteen  years,  during  which  time  neither 
manure  nor  fertilizer  furnishing  a  single  ounce  of  nitrogen 
has  been  applied.  In  view  of  the  results  upon  other  plots, 
it  cannot  be  doubted  that  the  increased  yield  on  this  plot  is 
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due  in  very  large  measure  to  the  potash  employed,  but  the 
dissolved  bone-black  is  also  evidently  useful. 

The  Effect  of  the  Potash.  —  It  will  be  noticed  that  wherever 
potash  is  applied,  whether  alone  or  in  combination  with 
either  one  or  both  of  the  other  fertilizers,  the  result  is  a 
large  yield.  Potash  is  evidently  the  dominant  plant  food 
element  on  this  soil  for  corn.  The  increase  where  this  ele- 
ment is  used  alone  is  at  the  rate  of  more  than  37  bushels  to 
the  acre ;  the  average  increase,  at  the  rate  of  44  bushels  to 
the  acre.  The  potash  used  costs  at  the  rate  of  $3.20  per 
acre.  This  amount  is  covered  many  times  over  by  the  in- 
crease in  the  crop. 

TJte  Effect  of  the  Manure.  —  The  manure  alone  gives  a 
large  crop,  —  considerably  larger  than  on  any  other  plot. 
That  this  should  be  true  is  natural,  in  view  of  the  fact  that 
the  manure  at  the  rate  at  which  it  is  applied  furnishes  a 
larger  amount  of  plant  food  than  is  furnished  in  the  fertil- 
izers. It  also  tends  to  keep  up  the  supply  of  humus  in  the 
soil,  and  this,  as  is  well  understood,  is  highly  beneficial  in 
many  ways.  The  yearly  cost  of  the  manm'e  ai)plied  is, 
however,  at  the  rate  of  about  $25  per  acre,  while  the  com- 
plete fertilizer  used  on  plot  14  costs  only  $10. 

The  results  with  corn  this  year  arc  entirely  similar  in 
kind  to  those  Avhicli  have'  been  obtained  in  the  earlier  years 
in  which  corn  has  been  groAvn  on  this  piece  of  land.  They 
show  very  conclusively  that  on  such  land  corn  can  be  cheaply 
grown  by  the  use  of  fertilizers  alone,  and  they  demonstrate 
conclusively  that  potash  should  be  a  very  prominent  con- 
stituent. In  view  of  the  fact  that  the  fertilizers  generally 
used  by  the  farmers  of  the  State  for  corn  usually  contain  far 
more  phosi)lioric  acid  than  potash,  these  results  appear  to 
be  well  worth  attention.  The  important  question  naturally 
at  once  arises,  "How  far  are  the  requirements  of  the  corn 
crop  on  the  farms  in  other  parts  of  the  State  similar  to  those 
shown  by  these  experiments?"'  In  answer  to  this  question, 
attention  is  called  to  the  results  of  similar  experiments  in 
various  parts  of  the  State,  which  have  been  published  in 
Bulletins  Nos.  9  and  14  of  this  station.  These  results  indi- 
cate that  in  most  localities  the  potash  in  fertilizers  appears 
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to  have  a  greater  effect  in  increasing  the  corn  crop  than 
either  of  the  other  prominent  elements.  Especially  has  this 
been  found  to  be  the  case  on  the  better  soils  of  the  State. 
The  results  upon  light  and  poor  soils  in  Yarmouth,  Free- 
town and  Marl)lehead  have  shown  but  small  increase  for  any 
of  the  fertilizers  used.  On  such  soils  farmyard  manures 
prove  much  the  most  effective.  On  the  soils  with  good 
phj'sical  characteristics,  i.e.,  soils  on  which  crops  are  not 
likely  to  suffer  excessively  in  hot,  dry  weather,  and  espe- 
cially if  the  soil  is  one  which  is  in  a  fair  state  of  fertility, 
the  increase  due  to  potash  has  always  been  found  to  be 
striking,  and  it  is  believed  that  farmers  should  see  to  it  that 
this  element  is  more  largely  supplied  to  this  crop. 

B.  —  Soil  Test  with  Potatoes  (^Nbrth  Acre) . 

The  field  on  which  this  test  was  carried  out  has  been  used 
in  similar  tests  with  various  crops  for  thirteen  years,  begin- 
ning in  1890.  The  crops  grown  in  order  of  succession 
include  potatoes,  corn,  soy  beans,  oats,  grass  and  clover, 
grass  and  clover,  cabbages  and  rutabaga  turnips,  potatoes, 
and  onions,  for  four  years  (1898  to  1901  inclusive). 

Rye  was  sown  a  short  time  before  the  onion  crop  of  last 
year  was  pulled,  in  the  hope  of  producing  a  crop  Avhich 
would  serve  as  winter  cover,  and  to  prevent  washing,  to 
which  this  field  is  liable.  This  object  was  only  in  part  ac- 
complished, as  the  rye  sown  on  the  surface  did  not  make  a 
perfect  start.  There  was  considerable  washing,  as  a  result 
of  heavy  storms  in  March.  It  is  not  believed,  however, 
that  this  was  of  such  a  character  as  seriously  to  interfere 
with  the  accuracy  of  6iir  fertilizer  tests,  for  it  was  for  the 
most  part  with  and  not  across  plots.  The  several  plots  in 
this  field  have  been  manured  in  accordance  with  the  usual 
soil  test  plan,  with  the  exception  that  double  quantities  of 
all  fertilizer  materials  were  used  during  the  years  when 
onions  have  been  grown,  as  well  as  this  year.  In  one  other 
respect  the  treatment  of  this  field  has  been  peculiar.  The 
lower  half  of  all  plots  received  an  application  of  lime  in  the 
spring  of  1898  at  the  rate  of  1  ton  to  the  acre.  The  nitrate 
used  during  the  present  season  was  put  on  in  two  applica- 
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tions,  —  one-half  applied  broadcast  just  before  planting  the 
seed,  the  other  half  scattered  about  the  plants  and  cultivated 
in  on  June  30,  at  which  time  the  crop  was  about  half  grown. 
The  field  was  ploughed  on  May  7 ,  at  which  time  the  rye  had 
made  considerable  growth.  There  were  marked  differences 
on  the  different  plots,  but  no  clearly  defined  difference 
beween  the  limed  and  unlimed  portions  of  the  several  plots. 
The  fertilizers  in  double  the  usual  amounts  were  spread 
broadcast  on  May  12  and  immediately  harrowed  in.  The 
variety  of  potatoes  planted  was  the  Delaware,  the  seed  being 
grown  in  the  adjoining  town  of  Hadley.  In  preparation  for 
planting  the  seed  was  soaked  in  a  solution  of  corrosive  sub- 
limate, for  the  prevention  of  scab.  It  was  then  dried,  and 
the  tubers  were  cut  into  pieces  with  two  good  eyes  each, 
and  planted  at  once.  The  date  of  planting  was  May  13. 
The  potatoes  started  well,  the  crop  was  thoroughly  cared  for, 
and  there  were  no  accidental  conditions  recognized  as  inter- 
fering with  the  normal  development  of  any  of  the  plots. 
The  potatoes  were  sprayed  twice, — on  July  11  with  Bow- 
ker's  Boxal,  and  on  July  2fi  with  Bowker's  Bodo,  to  which 
a  suitable  quantity  of  Paris  gi"een  for  destruction  of  bugs 
was  added.  Both  sprajangs  were  effective  in  destroying  bugs 
but  not  fully  effective  in  preventing  blight,  which,  however, 
was  not  serious  on  this  field,  where  the  growth  of  the  tops 
was  comparatively  light.  There  was  no  rot  whatever, 
although  this  disease  was  prevalent  on  similar  soils  in  the 
immediate  neighborhood.  The  crop  was  dug  on  September 
8  and  9.  All  tulbers  were  smooth,  but  of  rather  small 
average  size ;  they  were,  however,  of  excellent  quality. 
The  following  tables  show  the  fertilizers  applied  to  the  sev- 
eral plots,  the  yields  per  acre,  and  the  gain  or  loss  compared 
with  the  nothing  plots  :  — 
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Potatoes.  —  North  Acre  Soil  Test  (Unlimed),  1902. 


Fkrtiijzers  used. 


Nothing, 

Nitrate  of  soda 

Dissolved  bone-black, 

Nothing 

Muriate  of  potash,     . 

Nitrate  of  soda  and  dissolved 

bone-black. 
Nitrate  of  soda  and  muriate  of 

potash. 
Nothing, 

Dissolved  bone-black  and  mu- 
riate of  potash. 

Nitrate  of  soda,  dissolved  bone- 
black  and  muriate  of  potash. 

Plaster 

Nothing, 


Yield  per  Acre 

(Bushels). 


Merchant- 
able. 


27.7 
30.0 
39.3 
31.3 
58.0 
69.3 
51.3 
35.3 
73.7 
110.3 
24.7 
24.5 


Small. 


24.0 
20.7 
20.0 
22.7 
15.3 
28.7 
26.0 
29.3 
IS.O 
17.0 
16  0 
21.7 


Gain  or  Loss  per  Acre 

compared  with  nothing 

I'LOTS  (Bushels). 


Merchant- 
able. 


1.1 

9.2 

25.7 
30.0 
17.0 

41.1 

80.4 
—2.5 


-2.9 
-3.1 

-9.1 

2.7 
-1.7 

-9.4 

-8.5 
-7.6 


Potatoes.  —  North  Acre  Soil  Test  (Limed),  1902. 


Fertilizers  used. 


Nothing, 

Nitrate  of  soda,  . 

Dissolved  bone-black, 

Nothing, 

Muriate  of  potash,     . 


Nitrate  of  soda  and  dissolved 

bone-black. 
Nitrate  of  soda  and  muriate  of 

potash. 
Nothing, 


Dissolved  bone-black  and  mu- 
riate of  potash. 

Nitrate  of  soda,  dissolved  bone- 
black  and  muriate  of  potash. 

Plaster, 


Nothing, 


Yield  per  Acre 
(Bushels). 


Merchant- 
able. 


21.3 
27.3 
26.0 
22.7 
69.0 

'  71.3 
68.3 
32.7 
93.7 

115.3 
24.3 
30.3 


Small. 


27.7 
20.3 
22.0 
21.3 
12.7 
29.0 
17.3 
21.3 
20.0 
17.3 
13.7 
17.3 


Gain  or  Loss  per  Acre 

COMPARED   with    NOTHING 

Plots  (Bushels). 


Merchant- 
able. 


5.5 
2.2 

43.8 
43.6 

28.1 

61.6 
83.8 
—6.6 


Small. 


-5.3 
-1.4 

-8.6 
7.7 
-4.0 

—.3 

2.0 

-4.6 
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Results  of  the  Addition  of  Nitrogen  to  — 

Potatoes  (Bushels 
PER  Acre). 

Nothing. 

Phosphoric 
Acid. 

Potash. 

Phosphoric 

Acid 
and  Potash. 

Average 
Results. 

Unlimed :  — 
Merchantable,  . 
Small,. 

Limed :  — 
Merchantable,  . 
Small 

1.1 
—2.9 

5.5 
—5.3 

2t>.S 

5.S 

39.8 
9.1 

—8.7 
7.4 

—15.7 
4.C 

39.3 
.9 

22 . 2 
2.3 

14.6 

2.8 

13.0 
2.7 

Value  of  increase,  unlimed $9  32 

rinancial  result,  unlimed  (gain), 2  92 

Value  of  increase,  limed 8  34 

Financial  result,  limed  (gain), 194 


Results  of  the  Addition  of  Phosphoric  Acid  to  — 

Potatoes  (Bushels 
PER  Acre). 

Nothing. 

Nitrogen. 

I'otash. 

Nitrogen 

and 
I'otash. 

Average 
Results. 

Unlimed :  — 
Merchantable,  . 
Small,. 

Limed :  — 
Merchantable,  . 
Small,. 

9.2 
—3.1 

3.8 
—1.4 

34.9 
5.6 

38.1 
13.0 

15.4 
—  .3 

17. S 
8.3 

63.4 

-6.8 

55 . 7 
6.0 

30.7 
—1.2 

28.9 
6.5 

Value  of  increase,  unlimed, $18  18 

Financial  result,  unlimed  (gain) 11  78 

Value  of  increase,  limed 18  64 

Financial  result,  limed  (gain), 12  24 


Results  of  the  Addition  of  Potash  to  — 

Potatoes (Bushels 
PER  AcRj;). 

Nothing. 

Niti-ogcn. 

Phosplioric 
Acid. 

Nitrogen 

and  I'hos- 

plioric  Acid. 

Average 
Results. 

Unlimed :  — 
Merchantable,  . 
Small,. 

Limed :  — 
Merchantable,  . 
Small 

25.7 
—9.1 

43.8 
—8.6 

15.9 
1.2 

22.6 
1.3 

31.9 
-6.3 

57.8 
1.1 

44.4 
—11.2 

40.2 
-5.7 

29.5 
— G.4 

41.1 
—3.0 

Value  of  increase,  unlimed, 
Financial  result,  unlimed  (gain). 
Value  of  increase,  limed, 
Financial  result,  limed  (gain),     . 


$16  42 
10  02 
24  06 
17  66 
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Potatoes  (Bushels  tek  A  cue). 


Results  of  the  Addition 
TO  Nothing  of  — 


(Complete 
Fertilizer. 


Plaster. 


Unlimed :  — 
Merchantable, 
Small,    . 


Limed :  — 
Merchantable, 
Small,    . 


80.4 

—8.5 


83.8 
2.0 


—2.5 
-7.6 


—6.6 
—4.6 


Value  of  increase,  unlimed. 
Value  of  decrease,  unlimed, 
Financial  result,  unlimed. 

Value  of  increase,  limed, 
Value  of  decrease,  limed, 
Financial  result,  limed,  . 


$46.64 

27.44  gain 
50.68 

31.48  gain 


$3.02 
6.62  loss 


4.88 
8.48  loss 


It  will  be  noticed  that  no  plot  in  the  field  has  produced 
what  is  regarded  as  a  good  crop.  This  field  has  now  been 
tilled  for  several  years  without  the  introduction  of  a  grass 
crop,  and  the  stock  of  humus  in  the  soil  must  be  exceedingly 
small.  It  is  believed  that  this  deficiency  in  humus,  on  the 
presence  of  which,  in  moderate  quantity,  potatoes  are  known 
to  be  quite  dependent,  accounts  in  a  measure  for  the  rela- 
tively low  yield  on  the  plot  to  which  a  complete  fertilizer 
was  applied.  It  will  be  noticed,  further,  that  there  is  not  a 
very  wide  diflerence  between  the  yields  of  the  unlimed  and 
limed  portions  of  the  several  plots.  With  onions  as  a  crop  the 
difference  is  very  large  on  all  plots  to  which  muriate  of 
potash,  nitrate  of  soda,  or  both  of  these  fertilizers  without 
dissolved  bone-black  are  applied.  The  fact  that  potatoes 
show  a  far  smaller  difference  may  be  due  to  either  of  two 
causes  :  first,  that  this  crop  is  less  sensitive  to  a  deficiency 
of  lime  than  onions ;  or,  second,  that  the  effects  of  the  lime 
applied  in  1898  are  now  largely  exhausted.  "We  have  some 
evidence  that  this  effect  is  so  exhausted.  The  soil  on  the 
limed  portion  of  the  plots  manured  with  muriate  of  potash 
or  nitrate  of  soda,  as  shown  by  chemical  tests,  appears  to  be 
once  more  acid. 
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The  Effect  of  the  Nitrogen.  — It  will  be  remembered  that 
nitrate  of  soda  was  applied  to  the  four  plots  receiving  this 
fertilizer  in  double  the  usual  quantities,  viz.,  at  the  rate  of 
320  pounds  per  acre.  It  increases  the  crop  to  a  consider- 
able extent  only  where  it  is  used  in  connection  with  dissolved 
bone-black.  Used  in  connection  with  this  fertilizer,  it  gives 
an  increase  sufficient,  with  potatoes  at  60  cents  per  bushel, 
to  much  more  than  cover  the  cost.  The  fact  that  it  does 
not  give  an  increase  when  used  in  connection  with  potash 
(which  as  will  be  seen  later  was  the  most  useful  of  the  fer- 
tilizer elements)  is  strongly  indicative  of  the  fact  that  the 
soil  on  the  plot  receiving  nitrate  and  muriate  of  potash  is 
once  more  acid,  even  on  the  part  limed  in  1898.  A  study 
of  the  results  leads  to  the  conviction  that  the  experiment 
furnishes  but  an  imperfect  test  as  regards  the  necessity  of 
an  application  of  nitrogen  on  account  of  the  poor  physical 
and  chemical  condition  of  the  soil,  due  to  deficiency  both  of 
humus  and  lime. 

The  Effect  of  the  Phosphoric  Acid.  —  The  dissolved  bone- 
black  (furnishing  phosphoric  acid) ,  when  used  in  connection 
with  either  or  with  both  of  the  other  fertilizers,  gives  an 
increase  more  than  sufficient  to  cover  its  cost.  It  gives  the 
laro-est  increase  in  connection  with  both  of  the  other  fer- 
tilizers,  which  indicates  a  high  degree  of  general  exhaustion. 
It  gives  the  smallest  increase  when  used  in  connection  with 
muriate  of  potash,  which  is  still  further  evidence  of  the 
probable  deficiency  of  lime,  for  such  deficiency  is  known  to 
be  most  marked  where  muriate  of  potash  is  largely  employed 
as  a  fertilizer. 

The  Effect  of  the  Potash.  —  The  increase  in  crop  pro- 
duced by  the  application  of  miu-iate  of  potash  where  it  is 
used  alone  or  with  either  or  both  of  the  other  fertilizers  is 
in  all  cases  much  more  than  sufficient  to  cover  the  cost  of 
the  fertilizer.  The  increase  on  the  limed  half  of  the  plots  is 
without  exception,  if  small  and  large  tubers  both  be  included, 
considerably  greater  than  on  the  unlimed  portion  of  the 
plots  ;  indicating  that,  although  there  may  be  a  present  de- 
ficiency in  the  amount  of  lime  necessary  for  the  best  results, 
the  effects  arc  not  yet  wholly  exhausted.     In  practically  all 
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soil  tests  which  have  been  carried  out  by  this  station,  whether 
on  tliis  farm  or  on  farms  in  otlier  parts  of  tlie  State,  the  potato 
crop  has  always  shown  a  marked  dependence  upon  a  liberal 
supply  of  potash,  which  we  may  safely  say,  therefore,  should 
be  more  prominent  than  it  usually  is  in  the  special  fertilizers 
made  for  this  crop.  It  seems  Avorth  while  to  call  attention 
here  to  the  fact  that,  for  the  sake  of  uniformity  in  soil  test- 
work,  the  potash  salt  here  employed  was  the  muriate.  It 
will  be  remembered  that  it  has  been  shown  as  a  result  of 
numerous  experiments  here  that  the  sulfate  is  preferable, 
giving  better  results,  as  indicated  both  by  yield  and  quality. 

Vin.  —  Manure  Alone  v.  Manure  and  Potash. 
This*  experiment  was  begun  in  1890,  and  is  intended  to 
illustrate  the  relative  value  in  crop  production  of  an  average 
application  of  manure,  as  compared  with  a  smaller  applica- 
tion of  manure  in  connection  with  a  potash  salt.  Full 
accounts  will  be  found  in  the  preceding  annual  reports,  and 
summaries  in  the  reports  for  1895  and  1900.  The  field  is 
level,  and  the  soil  of  apparently  even  quality.  It  is  di- 
vided into  four  quarter-acre  plots.  The  crop  for  the  3'ears 
1890  to  1896  was  corn  ;  for  the  years  1897  and  1898,  mixed 
grass  and  clover ;  for  the  years  1899  and  1900,  corn  ;  for 
the  past  two  years,  mixed  grass  and  clover.  ,  The  present 
is  therefore  the  second  year  that  the  land  has  been  continu- 
ously in  grass.  Plots  1  and  3  received  an  application  of 
manure  at  the  rate  of  6  cords  per  acre  ;  plots  2  and  4,  ma- 
nure at  the  rate  of  4  cords  per  acre,  and  high-grade  sulfate 
of  potash  at  the  rate  of  160  pounds  per  acre.  The  annual 
cost  of  the  maniu*e  as  applied  to  plots  1  and  3  is  estimated 
to  be  at  the  rate  of  $30  per  acre.  The  annual  cost  of  the 
manure  and  the  potash  salt  applied  to  plots  2  and  4  at  the 
same  price  per  cord  for  the  manure  is  at  the  rate  of  $23.60 
per  acre.  The  yields  for  the  present  season  are  shown  in 
the  table  :  — 
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Yields  of  Hay  and  Roiven  [Pounds) 


Plots. 

Hay. 

Rowen. 

Plot  1,     . 

9.55 

740 

Plot  2,      . 

915 

C90 

Plot  3,      . 

1,010 

780 

Plot  4,      . 

900 

680 

The  rates  of  yield  per  acre  are  shown  below  :  — 
Yield  of  Hay  and  Rowen  per  Acre   [Pounds) . 


Plots. 

Hay. 

Rowen. 

Total. 

Plot  1, 

3,820 

2,860 

6,680 

Plot  2 

3,660 

2,760 

6,420 

Plot  3 

4,040 

3,120 

7,160 

Plot  4, 

3,600 

2,720 

6,320 

Averaging  the  yields  for  plots  1  and  3,  we  find  the  total 
to  be  at  the  rate  of  (),920  pounds  per  acre.  A  similar  aver- 
age for  plots  2  and  4  gives  a  yield  at  the  rate  of  6,370 
pounds  per  acre.  The  larger  application  of  manure  there- 
fore gives  a  yield  at  the  rate  of  450  pounds  per  acre  more 
than  the  smaller  application  of  manure  and  the  potash. 
The  difference  in  cost  of  the  tAvo  applications,  as  shown 
above,  is  at  the  rate  of  $0.40  per  acre.  The  450  pounds 
of  hay  costs,  therefore,  this  amount  standing  in  the  field. 
Grass  standing  in  the  field  cannot  be  considered  to  be  worth 
in  an  average  season  more  than  about  $7  or  |8  per  ton  of 
well-made  hay.  Although,  therefore,  we  have  a  small  dif- 
ference in  favor  of  the  larger  application  of  manure  in  total 
crop,  the  financial  outcome  is  clearly  in  favor  of  the  com- 
bination of  the  lesser  amount  of  manure  and  the  potash 
salt. 

We  have  now  grown  on  this  field  under  substantially  the 
present  system  of  manuring  nine  corn  crops  and  four  hay 
crops,  and  the  results  may  be  brictly  stated  as  follows  :  — 
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1.  The  corn  crops  under  the  two  systems  of  manuring 
have  been  practically  equal  in  value. 

2.  The  hay  crops  have  been  slightly  larger  on  the  plots 
receiving  the  more  liberal  application  of  manure  ah)ne  ;  but 
these  increases  have  been  produced  at  a  cost,  where  manure 
is  estimated  at  $5  per  cord  in  the  field,  which  is  greater  than 
their  value. 

IX.  —  Special   Cokn   Fertilizer  v.    Fertilizer   Kiciier 

IN  Potash. 
This  field  has  been  used  continuously  in  experiments  de- 
signed to  tlirow  light  upon  the  question  of  the  proper  use 
of  fertilizers  for  the  corn  crop  since  1891.  From  that  year 
to  1896  inclusive  the  crop  was  corn  ;  in  1897  and  1898  the 
crop  was  mixed  grass  and  clover;  in  1899  and  1900,  it  was 
corn  ;  and  for  the  past  two  years,  it  has  been  grass  and 
clover.  A  full  account  of  results  to  date  will  be  found  in 
preceding  annual  reports.  The  especial  object  in  view  is  to 
test  the  question  as  to  whether  the  special  corn  fertilizers 
ofiered  in  our  markets  arc  of  such  composition  as  is  best 
suited  for  the  production  of  corn  in  rotation  with  mixed 
mowing.  The  field  is  divided  into  four  quarter-acre  plots, 
and  throughout  the  entire  period  during  which  the  experi- 
ment has  continued  two  of  these  plots  (1  and  3)  have  yearly 
received  an  application  of  mixed  fertilizers,  furnishing  the 
same  amounts  of  nitrogen,  phos})horic  acid  and  potash  as 
would  be  furnished  by  1,800  pounds  of  fertilizer  of  the 
composition  of  the  average  of  the  special  corn  fertilizers 
analyzed  at  this  station.  This  average  in  1899,  since 
which  date  there  has  been  no  change  in  the  kinds  and 
amounts  of  fertilizers  U!?ed,  was  as  follows  :  — 

Per  Cent. 

Nitrogen, 2.37 

Phosphoric  acid,       .         .         .         .         .         .         .  10.00 

Potash, 4.30 

The  fertilizers  analyzed  varied  widely  in  composition,  the 
range  for  each  of  the  elements  being  shown  by  the  follow- 
inor :  — 
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Nitrogen, 
Pho.si:)horic  acid, 
Potasli,    . 


Per  Cent. 

1.6-  3.7 
9.0-13.0 
1.6-  9.6 


The  other  two  plots  (2  and  4)  have  annually  received  an 
application  of  materials  substantially  the  same  in  kind  and 
quantity  as  those  recommended  in  Bulletin  No.  58  for  corn 
on  soils  poor  in  organic  matter.  The  essential  difference 
between  the  applications  on  the  two  pairs  of  plots  is  that  2 
and  4  receive  materials  furnishing  a  much  larger  quantity 
of  potash  and  much  less  phosphoric  acid  than  the  other  i)air 
of  i)lots.  The  fertilizers  appHed  to  the  several  })lots  are 
shown  below  :  — 


Fertilizers  used. 


Plots  2  and  4 
(Pounds  Each). 


Nitrate  of  soda,   . 
Dried  blood, 
Dry  ground  fish, 
Acid  phosphate,  . 
Sulfate  of  potash. 


50.0 
50.0 
62.5 


The  present  is  the  second  season  that  this  field  has  now 
been  in  grass.  Th<3  past  season  has  been  favorable  to  the 
hay  crop,  the  field  Avas  cut  twice,  and  the  hay  was  weighed 
and  housed  in  excellent  condition.  The  tables  show  the 
yields  :  — 

Yields  of  Hay  and  Roiven,  1902  (^Pounds). 


Plots. 


nay. 


Kowen. 


Total. 


Plot  1  (lesser  potash), . 
Plot  2  (richer  in  potash). 
Plot  3  (lesser  potash), . 
Plot  4  (richer  iu  potash), 


3,712 
5,072 
3,992 
5,012 


1,540 
1,900 
1,260 
1,560 


5,252 
6,972 
5,252 
6,572 


Averaging  the  two  pairs  of  plots,   we   have  the  rates  of 
yield  per  acre  for  hay,  rowcn  and  total  shown  below :  — 
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Average  Yield  per  Acre  {Pounds) 


Plots. 

Hay. 

Roweu. 

Total. 

riotB  1  and  3,         . 

Plots  2  iind  4 

3,852 
5,042 

1,400 
1,730 

5,252 

6,772 

It  will  be  noticed  that  the  yields  both  of  hay  and  rowen 
were  considerably  heavier  on  plots  2  and  4  {i.e.,  the  plots 
which  received  fertilizers  richer  in  potash)  than  on  the 
other  pair  of  plots.  The  proportion  of  clover  was  much 
the  larger  on  plots  2  and  4 ;  and,  as  clover  is  superior  in 
nutritive  value  to  grass,  it  is  evident  that  the  superiority 
of  the  crop  was  even  greater  than  the  weight  difference  in 
yield  in  itself  indicates.  The  cost  of  the  fertilizers  applied 
to  plots  1  and  3  exceeds  that  of  the  fertilizers  applied  to 
plots  2  and  4  at  the  rate  of  about  $4  per  acre.  We  have, 
then,  as  a  result  of  this  experiment  for  this  year,  6,772 
pounds  of  hay  of  superior  nutritive  value,  produced  at  a 
cost  of  $4  less  than  the  5,252  pounds  produced  by  the  other 
pair  of  plots.  This  result  is  in  exact  accordance  with  the 
teachings  of  the  soil  test  on  the  south  acre.  There  can  be 
no  doubt  that  potash  should  be  more  abundant  in  fertilizers 
for  corn  than  is  usually  the  case.  It  is  important  to  point 
out  the  further  fact  that  the  difference  between  the  two 
pairs  of  plots,  as  indicated  by  the  greater  productivity  of 
the  plots  receiving  the  heavier  application  of  potash,  seems 
to  be  increasing  from  year  to  year.  The  results  of  this 
experiment  to  date  may  be  briefly  stated  as  follows  :  — 

1.  The  crops  of  corn  thus  far  have  been  substantially 
equal  under  the  two  systems  of  manuring. 

2 .  The  crops  of  hay  have  always  been  larger  on  the  plots 
where  more  potash  has  been  used,  and  the  nutritive  value 
pound  for  pound  has  been  greater  on  account  of  the  larger 
proportion  of  clover. 

In  conclusion,  I  may  quote  from  my  report  for  last  year  :  — 

In  view  of  the  fact  that  the  clover  sod  when  turned  is  exceed- 
ingly favorable  for  succeeding  crops,  it  is  confidently  anticipated 
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that  the  differences  iu  yields  under  the  two  systems  of  manuring 
will  increase  from  year  to  year,  and  that  the  superiority  of  the 
mixture  of  fertilizers  containing  more  potash  will  therefore  be- 
come increasingly  evident. 

X.  —  Experiment  in  ivianuring  Grass  Lands. 

In  this  experiment,  which  has  continued  since  1893  upon 
one  uniform  system,  our  object  is  to  test  the  value  for  pro- 
duction of  grass  of  the  system  of  using  wood  aslies,  ground 
bone  and'  muriate  of  potash,  and  manure,  in  rotation. 
Owing,  however,  to  the  fact  tliat  the  land  has  been  for 
many  years  in  grass,  and  that  it  has  never  been  cultivated 
consecutively  for  a  sufficiently  great  length  of  time  to  free 
it  from  weeds,  the  sod  had  become  considerably  infested 
with  daisies,  ragged  robin,  buttercups,  and  a  number  of 
other  species.  It  has  accordingly  been  decided  to  break  up 
and  reseed  a  part  of  the  land.  A  portion  has  been  culti- 
vated for  two  years,  and  is  now  reseeded.  This  portion 
constitutes  a  part  of  plot  3.  This  year,  after  the  harvest 
of  the  first  crop,  which  was  cut  early  to  avoid  ripe  weed 
seeds,  a  portion  each  of  plots  1  and  2  was  broken  up.  This 
was  frequently  harrowed  between  the  date  of  ploughing, 
which  was  about  the  middle  of  July,  and  the  date  of  seed- 
ing, which  was  August  15.  The  portion  of  plot  3  not 
previously  broken  up  has  been  similarly  treated.  The  area 
reported  upon  this  year,  therefore,  comprises  only  a  por- 
tion of  the  plots  included  in  this  field,  the  total  area  of 
which  is  about  nine  acres. 

The  rates  at  which  the  several  manures  are  employed  are 
as  follows  :  wood  ashes,  1  ton  per  acre  ;  ground  bone,  GOO 
pounds,  and  muriate  of  potash,  200  pounds,  per  acre  ;  ma- 
nure, <S  tons  per  acre. 

The  plot  which  receives  Avood  aslies  one  year  is  the  next 
year  manured  with  bone  and  potash,  and  the  third  year 
with  manure. 

The  manuring  of  the  several  plots  is  so  planned  that  each 
year  we  have  one  plot  under  each  of  the  systems  of  manur- 
ing. For  the  last  three  years  the  plots  receiving  respec- 
tively wood  ashes  and  bone   and  potash  have  also  received 
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nitrate  of  soda  at  the  rate  of  150  pounds  per  acre.  The 
manure  is  ahvays  applied  in  the  fall ;  the  ashes,  and  the 
bone  and  potash  and  the  nitrate  of  soda,  in  early  spring. 

The  past  season  has  been  in  general  favorable  to  the  hay 
crop,  but  our  yields  on  this  field  are  lower  than  usual, 
chiefly,  it  is  believed,  on  account  of  the  fact  that  both  the 
first  and  second  cuttings  were  made  earlier  than  usual,  which, 
as  has  been  stated,  was  for  the  purpose  of  avoiding  ripe 
weed  seeds.  The  3delds  of  hay,  and  of  rowen,  where  any 
was  cut,  and  the  totals  for  each  system  of  manuring,  were 
as  follows  :  — 


Fertilizers  used. 

Hay 

(Pounds). 

Rowen 
(Pounds). 

Total 
(Pounds) . 

On  barnyard  manure '      . 

On  bone  and  potash  and  nitrate  of  soda, 
On  wood  asbes  and  nitrate  of  soda, . 

2,396 
2,661 
3,723 

1,805 
1,242 

4,201 
3,903 
3,723 

The  average  yield  of  the  entire  area  for  this  year  is  3,942 
pounds;  the  average  for  the  period  1893  to  the  beginning 
of  the  present  year  was  6,619  pounds  ;  the  average  to  date, 
6,413  pounds.  The  plots  when  dressed  with  manure  have 
averaged  6,655  pounds  ;  when  dressed  with  bone  and  potash, 
6,420  pounds  ;  and  when  dressed  with  wood  ashes,  6,094 
pounds.  The  average  yields  for  this  year,  as  will  be  seen, 
are  materially  below  the  general  averages.  As  has  been 
stated,  this  is  undoubtedly  accounted  for  chieflj^  by  the  dif- 
ference in  the  time  of  cuttino-.  The  averas^e  even  for  this 
year  constitutes  a  very  satisfactory  crop,  and  for  the  entire 
period  is  such  as  to  render  the  ha}^  crop,  at  the  prices 
which  the  manures  used  cost,  a  decidedly  profitable  one. 

XI.  —  Experiment  in  the  Application  of  Manure. 

The  experiment  now  to  be  reported  is  in  continuation  of 
work  begun  in  1899.  It  has  for  its  object  to  determine 
whether  it  is  better  to  spread  fresh  manure  during  late  fall 
and  winter,  allowing  it  to  remain  upon  the  surface  until 
spring,  or  to  put  the  manure  when  hauled  out  into  large 
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heaps,  to  be  spread  just  before  ploughing  the  land  in  the 
spring.  A  full  account  of  the  plan  of  the  experiment  will 
be  found  in  the  last  annual  report.  The  field  contains  five 
plots,  one-half  of  each  having  the  manure  spread  in  winter, 
the  other  half  put  into  a  large  heap  and  spread  in  spring. 
We  have,  in  reality,  then,  five  parallel  experiments  yearly. 
In  1901  this  field  produced  a  crop  of  Japanese  barnyard 
millet.  After  the  millet  was  harvested,  the  field  was 
ploughed  and  sown  to  winter  rye,  which  served  as  a  cover 
crop.  During  the  past  season  the  field  has  been  in  corn  for 
the  silo.  The  soil  is  naturally  cold,  and  with  the  cool  sum- 
mer it  produced  but  a  small  yield.  The  actual  and  relative 
yields  of  the  several  plots  of  rather  more  than  one-fourth 
acre  each  are  shown  in  the  following  table  :  — 


Actual  and  Relative  Yields  of  Ensilage  Corn. 


Manuring  Previous 
TO  1899. 


Barnyard  manure 

Wood  ashes,     ....;. 
No  manure, 

Fine-ground  bone  and  muriate  of  pot- 
ash. 

Fine-ground  bone  and  sulfate  of  pot- 
ash. 


Actual  Yields 
(Pounds). 


4,780 
2,600 
4,480 
4,905 


5,480 
4,650 
3,900 
4,105 
5,325 


Relative  Yields 
(Per  Cent.). 


i5 


100 
100 
100 
100 
100 


"bc.2 

■^  u  o 

CO 


103.9 
97.3 

150.0 
91.6 

108.6 


In  previous  years  the  south  half  (spring  manured)  of 
each  plot  has  without  exception  given  a  much  superior  yield 
^o  the  north  half.  This  year  there  are  two  exceptions : 
plot  2,  where  the  dificrence,  however,  is  very  small ;  and 
plot  4,  where  there  is  a  diiference  of  375  pounds  in  favor 
of  the  north  or  winter-manured  half.  It  must  be  stated, 
however,  that,  owing  to  unavoidable  conditions,  one  load 
of  the  Qorn  on  the  south  half  of  plot  4  lay  upon  the  ground 
as  it  was  cut  from  Saturday  night  until  Monday.  There 
can  be  no  doubt  that  there  Avas  a  considerable  loss  of  weight, 
due  to  drying.     We  must  not,  therefore,  attach  any  special 


1903.]  PyBLIC   DOCUMENT  — No.   38.  147 

signiticance  to  the  results  upon  this  plot.  The  results  upon 
the  others  are  practically  conlirniatory  of  the  results  of  })re- 
vious  years.  The  diU'erences,  however,  arc  considerably 
less.  In  1900,  the  yield  of  the  winter-manured  portion  of 
each  plot  being  considered  as  100,  the  yields  of  the  spring- 
manured  portion  of  the  plots  varied  from  103  to  125.  In 
1901  the  relative  yields  of  the  spring-manured  plots,  on  the 
same  basis,  varied  from  118  to  177.  The  smaller  differences 
this  year  are  believed  to  be  in  part  at  least  a  consequence  of 
the  fact  that  the  conditions  prevailing  during  the  winter  of 
1901  and  1902  were  such  that  there  was  much  less  washing- 
over  the  surface  of  the  plots,  which,  it  will  be  remembered, 
slope  lengthwise,  than  diu^ing  the  two  preceding  Avinters. 
The  smaller  differences  may  also  be  in  part  due  to  the  un- 
favorable effects  of  the  season,  which  prevented  entirely 
normal  development  on  any  part  of  the  field.  It  is  believed 
that  our  experiments  indicate  decisively  the  necessity  of 
greater  care  than  is  always  taken  to  avoid  spreading  ma- 
nures on  slopes  during  late  fall  and  winter.  Our  differences 
in  yield  this  year  are  not,  it  is  true,  sufficiently  great  to 
pay  for  the  extra  cost  of  rehandling  the  manure,  which  is 
first  piled  in  the  field.  During  the  two  past  years  the  dif- 
ferences in  crops  have  been  much  more  than  sufficient  to 
pay  this  extra  cost.     The  experiment  will  be  continued. 

XII.  —  Nitrate  of  Soda  for  Eowen. 
The  present  is  the  third  year  during  which  we  have  con- 
ducted experiments  for  the  purpose  of  determining  whether 
an  application  of  nitrate  of  soda  after  the  harvest  of  the 
first  crop  of  hay  will  give  a  profitable  increase  in  the  rowen 
crop.  The  results  for  the  two  preceding  years  have  with 
one  exception  on  a  timothy  sod  shown  an  increase  more 
than  sufficient  to  cover  the  cost  of  the  nitrate  and  its  appli- 
cation. The  experiments  of  this  year  were  carried  out  upon 
a  timothy  sod  which  was  seeded  in  1899.  This  mowing  was 
top-dressed  this  spring  as  follows  :  — 

Pounds  per  Acre. 

Nitrate  of  soda,  .  .         .  .  .  .         .  150 

Fine-ground  bone,      .......         400 

Muriate  of  potash, .         200 
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The  product  at  the  first  cutting  was  at  the  rate  of  5,640 
pounds  of  hay  per  acre. 

Eight  equal  plots  were  laid  out,  and  on  the  alternate 
plots  nitrate  of  soda  was  applied,  —  to  two  at  the  rate  of 
150  pounds  to  the  acre,  to  one  at  the  rate  of  200  pounds, 
and  to  another  at  the  rate  of  250  pounds.  The  first  crop 
of  timothy  was  cut  on  July  11  and  14.  The  nitrate  was 
applied  on  July  22.  The  rowen  was  cut  on  September  22 
and  weighed  on  October  3,  in  good  condition.  The  rates 
of  yield  per  acre  are  shown  in  the  following  table  :  — 


Plots. 


Fertilizers  used. 


Pounds. 


Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 
Plot  6, 
Plot  7, 
Plot  8, 


No  nitrate,  .  .  .  . 
Nitrate  of  soda,  150  pounds. 
No  nitrate,  .  .  .  . 
Nitrate  of  soda,  150  pounds. 
No  nitrate,  .  .  .  . 
Nitrate  of  soda,  200  pounds. 

No  nitrate 

Nitrate  of  soda,  250  pounds, 


459 

826 
367 
789 
257 

1,320 
587 

1,542 


The  average  results  were  as  follows  :  — 

Average  no-nitrate  jilots,        ....... 

Average  increase  clue  to  application  of  156  pounds  of  nitrate, 
Increase  clue  to  application  of  200  pounds  of  nitrate, 
Increase  due  to  application  of  250  pounds  of  nitrate, 


Pounds. 
417.5 
390.0 
902.5 
1,124.5 


The  moisture  conditions  on  the  different  plots  of  this 
field,  which  is  of  considerable  length,  are  not  exactly  uni- 
form, being  somewhat  more  favorable  toward  that  end  of 
the  field  on  which  the  larger  applications  of  nitrate  of  soda 
were  made.  It  is  believed  that  this  diflferencc  in  moisture 
conditions  in  part  accounts  for  the  better  apparent  effect  of 
the  nitrate  where  applied  in  the  larger  quantities.  If  we 
determine  the  increases  apparently  due  to  the  nitrate  by 
comparison  of  the  yields  on  plots  to  which  such  application 
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was  made  with  the  nearest  nothing  plots  only,  the  apparent 
effect  is  as  follows  :  — 

Pounds. 

Average  increase  due  to  application  of  150  pounds  of  nitrate,  446.5 
Increase  due  to  application  of  200  pounds  of  nitrate,  .  .  898.0 
Increase  due  to  application  of  250  pounds  of  nitrate,       .         .         955.0 

All  these  increases  are  more  than  sufficient  to  cover  the 
cost  of  the  application  of  nitrate  made. 

XIII.  —  Variety  Test,  Potatoes. 

Dm'ing  the  past  year  we  have  grown,  under  conditions 
allowing  a  fair  opportunity  for  comparison,  thirty-three 
varieties  of  potatoes.  The  seed  of  all  varieties  was  the 
first  generation  of  our  own  growing.  We  included  for  pur- 
poses of  comparison  an  equal  area  of  one  of  the  standard 
varieties, — Beauty  of  Hebron,  —  with  seed  of  the  second 
generation,  from  northern  Maine.  We  raise  our  own  seed, 
because  it  is  recognized  that  the  locality  in  which  seed  stock 
is  produced  and  the  way  in  which  it  is  stored  and  handled 
has  much  to  do  with  its  productive  capacity.  We  cultivate 
all  varieties  of  potatoes  that  we  test,  therefore,  two  years, 
the  first  year  being  the  preliminary  test,  made  with  small 
quantities  of  seed  gathered  from  the  many  different  sources 
from  which  a  list  of  varieties  must  be  made  up.  It  is  the 
product  of  this  first  crop  that  we  use  a  second  year  in  a 
final  test,  the  seed  of  all  varieties  being  stored  and  handled 
in  precisely  the  same  way.  It  is  the  results  of  this  second 
year's  test  which  are  here  reported. 

The  seed  tubers  planted  this  year  were  selected  to  as 
nearly  as  possible  an  average  size  of  60  grams  in  weight  for 
each  variety.  The  tubers  were  treated  with  corrosive  sub- 
limate in  the  ordinary  way  on  April  9,  and  were  spread  in 
a  light  and  sunny  room  in  a  single  layer  until  May  14,  when 
they  were  planted,  being  first  cut  to  pieces  of  two  good  eyes 
each.  The  pieces  were  planted  1  foot  apart  in  rows  3 
feet  apart.  The  field  is  one  which  has  been  used  for  a  num- 
ber of  years  in  experiments  Math  corn,  in  growing  which  a 
moderate   application  of  fertilizers  alone    has    been  .made. 
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The  soil  is  a  medium  loam  underlaid  by  gravel,  and  with 
perfect  natural  drainage,  —  a  good  potato  soil.  It  received 
this  year  an  application  of  manure  from  milch  cows  at  the 
rate  of  4  cords  per  acre.     A  fertilizer  mixture  was  made, 


containing :  — 

Pounds. 

Nitrate  of  soda,   . 

80 

Dried  blood, 

100 

Dry  ground  fish, 

.        180 

Acid  j)hosphate,  . 

.        280 

High-grade  sulfate  of 

potash, 

160 

This  mixture  Avas  used  in  the  drill,  being  scattered  Avidely 
the  full  length  of  the  open  furrow  at  the  rate  of  1,600 
pounds  per  acre.  The  crop  was  thoroughly  cared  for,  and 
sprayed  three  times  with  a  combined  insecticide  and  fungi- 
cide. This  application  did  not  prove  altogether  eftective, 
although  there  was  no  rot.  Growth  was  normal,  and  no 
signs  of  blight  appeared  until  early  in  August.  The  varie- 
ties on  which  it  showed  itself  previous  to  August  10  were  : 
All  the  Year  Round,  Daughter  of  Early  Rose,  Early  Carmen, 
Early  Trumbull,  Early  Eureka,  Early  Rose,  Early  Pioneer, 
Ensign  Bagley,  Ford  1902,  Harvest  King,  Honoeye  Rose 
Seedling,  Northern  Beauty,  New  England  Thoroughbred, 
Sunlight,  and  Smith's  Six  Weeks.  Those  on  which  it 
showed  itself  later  than  August  20,  and  which  therefore  may 
fairly  be  considered  unusually  disease-resistant,  were  :  Liv- 
ingston, Million  Dollar,  Mark  Hanna,  and  Smith's  '99. 

The  table  shows  the  dates  at  which  the  vines  of  the  several 
varieties  were  completely  dead,  and  the  i-ates  of  yield  per 
acre  for  each  :  — 


Variety. 

Vines 
Dead. 

Merchant- 
able 
(Bushels). 

Small 
(Bushels). 

All  the  Rear  Round, 

Arcadia, 

Beauty  of  Hebron  (first  generation  from  Maine 

seed). 
Beauty  of  Hebron  (second  generation  from  Maine 

seed). 
Daughter  of  Early  Rose 

Early  Carmen 

Aug.    5,  . 
Aug.  30,  . 
Aug.  30,  . 
Aug.  30,  . 
Aug.  30,  . 
Aug.  16,  . 

165.9 
235.4 
315.3 
208.7 
256.2 
170.0 

41.5 
12.5 
16.6 
24.9 
35.3 
23.9 

1903.] 


PUBLIC  DOCUMENT  — No.  33. 


151 


Varietv. 

Vines 
Dead. 

Merchant- 
able 
(Bushels). 

Small 
(Bushels). 

Early  Trumbull 

Aug.  20,  . 

242.7 

28.0 

Early  Eureka, . 

Aug.  20,  . 

232.3 

27.0 

Early  Rose, 

Aug.  25,  . 

2.58.2 

36.3 

Early  Pioneer, 

Aug.  20,  . 

185.7 

27.0 

Early  Nancy,   . 

Aug.  30,  . 

273.8 

35.3 

Ensign  Bagley, 

Aug.  25,  . 

262.4 

50.8 

Ford  1902, . 

Aug.  25,  . 

73.5 

13.0 

Gem  of  Aroostook, 

- 

258.2 

51.8 

Harvest  King,  . 

Aug.  30,  . 

248.9 

20.8 

Hammond's  Wonderful,  " 

Aug.    5,  . 

224.0 

22.8 

Honoeye  Rose  Seedling, 

Aug.  25,  . 

177.4 

31.1 

I.X.  L 

Aug.  30,  . 

298.7 

53.9 

Livingston, 

Aug.  30,  . 

161.8 

37.3 

Million  Dollar, 

Aug.  30,  . 

265.5 

9.3 

Mark  Hanna,   . 

Aug.  30,  . 

210.5 

10.4 

Northern  Beauty,    . 

Aug.  30,  . 

245.8 

47.7 

New  England  Thoroughbred 

, 

Aug.  30,  . 

232.3 

60.2 

Rough  Rider,   . 

Aug.  30,  . 

214.5 

43.6 

Rose  of  the  North,  . 

Aug.  30,  . 

239.5 

41.5 

Stevens,     .... 

Aug.  25,  . 

148.3 

38.4 

Steuben 

Aug.  30,  . 

297.7 

35.3 

Sunlight,  .... 

Aug.  25,  . 

224.0 

49.8 

Smith's  Six  Weeks, 

Aug.  30,  . 

65.3 

36.3 

Smith's  '99, 

- 

203.3 

31.1 

The  June 

- 

77.8 

19.7 

Twentieth  Century, 

Aug.  20,  . 

214.7 

42.5 

White  Giant,    . 

Aug.  20,  . 

230.3 

8.3 

Among  these  varieties  it  will  be  seen  that  ten  give  a  yield 
at  the  rate  of  over  250  bushels  of  merchantable  tubers  per 
acre.  These,  mentioned  in  the  order  of  productiveness,  are 
as  follows  :  Beauty  of  Hebron  (first  generation  from  Maine 
seed),  315.3  bushels;  Beauty  of  Hebron  (second  genera- 
tion from  Maine  seed),  298.7  bushels;  I.  X.  L.,  298.7 
bushels;  Steuben,  297.7  bushels;  Early  Nancy,  273.8 
bushels;  Million  Dollar,  265.5  bushels;  Ensign  Bagley, 
262.4  bushels;  Early  Rose,  258.2  bushels;  Gem  of  Aroos- 
took, 258.2  bushels  ;  Daughter  of  Early  Rose,  256.2  bushels. 


152  HATCH   EXPERIMENT    STATION.         [Jan. 

Six  varieties,  as  will  be  seen,  gave  yields  at  the  rate  of  be- 
tween 100  and  200  bushels  per  acre.  These,  mentioned  in 
the  order  of  least  productiveness,  are  the  following  :  Stevens, 
148.3  bushels;  Livingston,  161.8  bushels;  All  the  Year 
Round,  165.9  bushels;  Early  Carmen,  170  bushels;  Ho- 
noeye  Rose  Seedlhig,  177.4  bushels;  Early  Pioneer,  185.7 
bushels.  Three  varieties  have  given  yields  at  the  rate  of 
under  100  bushels  merchantable  tubers  per  acre,  viz.  : 
Smith's  Six  Weeks,  65.3  bushels;  Ford,  73.5  bushels;  The 
June,  77.8  bushels.  The  last  three  varieties  would  seem 
beyond  a  doubt  to  be  very  inferior  in  productive  capacity, 
and  probably  not  worth  cultivation.  The  varieties  giving 
3'ields  at  the  rate  of  between  100  and  200  bushels  to  the 
acre  are,  with  one  exception,  well  above  150  bushels;  and, 
although  giving  much  below  the  average  yield  for  this 
season,  they  cannot  be  unreservedly  condemned  for  lack  of 
productiveness. 

It  may  be  remembered  that  in  every  test  of  varieties 
which  has  been  made  by  this  department  of  the  Hatch  Ex- 
periment Station  the  Beauty  of  Hebron  and  the  Early  Rose 
have  been  included.  They  have  always  ranked  high  in 
productiveness.  This  year  it  will  be  noticed  that  the 
Beauty  of  Hebron  (first  generation  from  Maine-grown 
seed)  stands  at  the  head,  that  the  second  generation  from 
Maine-grown  seed  is  next  (although  equalled  by  one  other 
variety) ,  and  that  the  Early  Rose  is  onl}'^  seventh  in  the  list. 
These  facts  constitute  a  striking  commentary  upon  the  claims 
which  are  usually  made  for  new  varieties.  It  is  firmly  be- 
lieved that  it  is  much  wiser  that  potato  growers  shall  secure 
seed  of  standard  varieties  grown  and  stored  under  the  best 
conditions,  than  to  pay  high  prices  for  new  varieties,  which 
in  so  many  instances  when  carefully  tested  under  the  fairest 
possible  conditions  are  found  not  to  equal  the  older  sorts 
either  in  productiveness  or  in  quality.  In  our  experience 
seed  grown  in  northei'n  Maine  has  invariably  been  found  to 
be  superior  to  that  of  our  own  pi-oduction,  even  in  the  first 
generation.  The  Maine  seed  gives  the  larger  yield,  and 
the  crop  is  somewhat  earlier.     It  usually  costs  somewhat 
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more    than   home-grown    seed,  but    it   is   richly  worth  the 
greater  price. 

XIV. — Poultry  Experiments. 
In  our  experiments  with  poultry  during  the  past  year  we 
have  confined  our  attention  almost  exclusively  to  questions 
connected  with  the  feeding  of  fowls  for  eggs.  The  princi- 
pal question  upon  which  we  are  striving  to  obtain  light 
relates  to  the  proper  relation  between  the  different  nutrients 
in  the  ration  fed  ;  or,  in  other  words,  it  is  a  question  of  the 
best  nutritive  ratio.  During  the  past  year  our  work  has 
been  as  follows  :  — 

1.  We  have  compared  two  rations  in  one  of  which  corn 
is  prominent,  in  the  other  wheat,  using  beef  scraps  as  the 
source  of  animal  food,  the  nutritive  ratios  being :  for  the 
ration  including  corn,  from  1  :  4.25  —  4'.74  ;  and  in  the  ra- 
tion in  which  wheat  is  prominent,  1  :  6.25  —  6,45. 

2.  We  have  compared  two  rations  in  which  respectively 
corn  and  wheat  are  prominent,  with  milk  albumin  as  the 
source  of  animal  food.  The  nutritive  ratio  of  the  ration 
including  wheat  has  been  varied  from  1  :  4  —  4.48  ;  for  the 
ration  including  corn,  from  1  :  4.95 — 6.05. 

3.  We  have  compared  tAvo  rations  in  one  of  which  buck- 
wheat is  prominent,  in  the  other  corn,  with  milk  albumin 
as  the  source  of  animal  food.  The  nutritive  ratio  of 
both  these  rations  has  been  rather  wide, — from  about 
1:5.5  —  6.08. 

The  most  important  points  to  be  noted  in  connection  with 
the  results  are  as  follows  :  — 

1.  In  the  comparison  of  wheat  with  corn,  where  beef 
scraps  are  the  source  of  animal  food,  the  egg  production 
has  been  good  and  nearly  equal  on  the  two  rations,  although 
the  hens  receiving  the  wheat  ration  have  been  somewhat  the 
most  productive. 

2.  In  the  comparison  of  wheat  with  corn,  with  milk 
albumin  as  the  source  of  animal  food,  the  egg  production 
has  been  less  satisfactory,  and  the  hens  which  have  received 
the  corn  ration  have  been  the  more  productive. 
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3.  In  the  comparison  of  buckwheat  and  corn,  with  milk 
albumin  as  the  source  of  animal  food,  the  egg  yield  has 
been  rather  small,  with  the  advantage  decidedly  in  favor  of 
the  corn. 

It  may  be  remembered  that,  in  experiments  carried  out 
in  1899  and  reported  in  our  annual  report  for  1900,  the 
comparisons  between  corn  and  wheat  gave  results  decidedly 
in  favor  of  the  corn.  A  similar  line  of  inquiry  was 
continued  during  the  years  1900  and  1901.  A  number  of 
comparisons  were  made  during  these  years  between  rations 
respectively  rich  in  wheat  and  in  corn,  in  connection  with 
which  in  all  cases  beef  scraps  were  used  as  the  source  of 
animal  food.  In  the  experiments  of  these  two  years,  as  in 
the  experiment  for  this  year,  where  beef  scraps  are  used  as 
the  source  of  animal  food  the  yields  are  slightly  in  favor 
of  the  wheat.  It  is  not  believed  that  we  are  yet  in  position 
to  account  for  the  difference  in  results  made  evident  by  the 
statements  just  given ;  but  it  is  thought  that  a  possible 
explanation  is  offered  by  the  fact  that  in  the  tests  comparing 
wheat  and  corn  in  1899  animal  meal  was  used  as  the  source 
of  animal  food.  The  principal  differences  between  such 
animal  meal  as  we  have  employed  and  beef  scraj)s  are,  that 
the  animal  meal  contains  the  more  mineral  matter  (undoubt- 
edly derived  from  bone)  and  less  fat  than  the  scraps.  It  is 
the  latter  point  especially  which  is  believed  to  be  significant. 
Corn  is  rich  in  fat ;  Avheat  is  relatively  poor  in  that  con- 
stituent. With  animal  meal  as  a  source  of  animal  food, 
corn  o;ave  the  best  results.  It  has  g-iven  the  best  results  this 
year  where  milk  albumin  (which  is  still  lower  in  fat  than 
animal  meal)  is  used  as  the  source  of  animal  food.  And 
again,  although  this  is  less  significant  because  buckwheat 
and  corn  differ  from  each  other  in  marked  degree  in  the 
amount  of  fibre  they  contain,  we  find  the  corn  when  com- 
pared with  buckwheat,  which  is  relatively  low  in  fat,  with 
milk  albumin  as  the  source  of  animal  food,  gives  nuich 
superior  results.  It  is  fully  recognized  that  the  conditions 
determining  the  egg  yield  from  a  flock  are  numerous,  and 
that  the  relation  between  the  different  nutrients  in  the  rations 
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fed  is  only  one,  and  possibly  by  no  means  the  most  impor- 
tant, of  these  conditions.  It  is,  however,  believed  that  the 
question  of  the  proper  combination  of  nutrients  has  its 
importance.  It  is  recognized  that  the  problems  arising  are 
difficult ;  but  the  investigations  will  be  continued,  in  the 
full  belief  that  the  results  of  faithful  work  will  prove  of 
ultimate  value. 
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Second  Assistant  CJiemist  (fertilizers). 

Third  Assistant  Chemist  (fertilizers). 

First  Chemist  (foods  and  feeding). 
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Assistant  Chemist  (foods  and  feeding) . 

Inspector  (foods  and  feeding). 

Assistant  (foods  and  feeding). 

Assistant  Horticulturist. 

Assistant  Horticulturist. 

Observer. 


The  co-operation  and  assistance  of  farmers,  fruit-growers, 
horticulturists  and  all  interested,  directly  or  indirectly,  in 
agriculture,  are  earnestly  requested.  Communications  may 
be  addressed  to  the  "Hatch  Experiment  Station,  Amherst, 
Ma.ss." 

The  following  bulletins  and  reports  are  still  in  stock,  and 
can  be  furnished  on  demand  :  — 

No.  27.    Tuberculosis  in  college  herd;    tuberculin  in  diagnosis; 

bovine  rabies ;   poisoning  by  nitrate  of  soda. 
No.  83.    (Ilossary  of  fodder  terms. 
No.  35.    Agricultural  value  of  bone  meal. 
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No.  41.    On  the  use  of  tuberculin  (translated  from  Dr.  Bang). 

No.  54.    Fertilizer  analyses. 

No.  57.    Fertilizer  analyses. 

No.  64.    Analyses  of  concentrated  feed  stuffs. 

No.  67.    Grass  thrips;  treatment  for  thrips  in  greenhouses. 

No.  68.    Fertilizer  analyses. 

No.  69.    Eotting  of  greenhouse  lettuce. 

No.  70.    Fertilizer  analyses. 

No.  72.    Summer  forage  crops. 

No.  75.    Fertilizer  analyses. 

No.  76.    The  imported  elm-leaf  beetle. 

No.  77.    Fertilizer  analyses. 

No.  78.    Concentrated  feed  stuffs. 

No.  79.    Growing  China  asters. 

No.  81.    Fertilizer  analyses;  treatment  of  barnyard  manure  with 

absorbents;   trade  values  of  fertilizing  ingredients. 
No.  82.    Orchard  management;  cover  crops  in  orchards;  pruning 

of  orchards;  report  on  fruits. 
No.  83.    Fertilizer  analyses. 
No.  84.    Fertilizer  analyses. 
No.  85.    Concentrated  feeds. 

No.  86.    Orchard  treatment  for  the  San  Jos6  scale. 
No.  87.    Cucumbers  under  glass. 
No.  89.    Fertilizer  analyses;   ash  analyses  of  plants;  instructions 

regarding  sampling  of  materials  to  be  forwarded  for 

analysis. 
No.  90.    Fertilizer  analyses. 
No.  91.    Injuries  to  shade  trees  from  electricity. 
No.  92.    Fertilizer  analyses. 
Special  bulletin,  — The  brown-tail  moth. 
Special  bulletin,  — Thecoccid  genera  Chionaspis  and  Ilemichion- 

aspis. 
Technical  bulletin,  No.  1,  —  Greenhouse  Aleyrodes;  strawberry 

Aleyrodes. 
Index,  1888-95. 
Annual  reports  for  1897,  1898,  1899,  1900,  1901,  1902,  1903. 

Of  the  other  bulletins,  a  few  copies  remain,  which  can  be 
supplied  only  to  complete  sets  for  libraries. 
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ANNUAL    REPOKT 

Of  George  F.  Mills,  Traixurcr  of  the  Hatch  Expekiment  Station 
OF  Massachusetts  Auricultukal  College, 

For  the  Year  ending  June  30,  1903. 


Cash  received  from  United  States  Treasurer, 

Cash  paid  for  salaries,  .....    $6,829  37 

for  labor, 3,216  52 

for  pu])licatious,    ....  860  08 

for  postage  and  stationery,     .         .  360  32 

for  freight  and  express,          .         .  130  65 

for  heat,  light,  water  and  power,  .  355  77 

for  seeds,  plants  and  sundry  supplies,  810  76 

for  fertilizers,        ....  716  85 

for  feeding  stuffs,           ...  587   17 

for  library, 56  18 

for  tools,  imjilements  and  machinery,  196  13 

for  furniture  and  fixtures,      .         .  35  03 

for  scientific  apparatus,          .         .  87  90 

for  travelling  expenses,          .         .  105  50 

for  contingent  expenses,         .         .  121  00 

for  building  and  repairs,        .         .  530  77 


Cash  received  from  State  Treasurer, 
from  fertilizer  fees, 
from  farm  products, 
from  miscellaneous  sources, 


Cash  paid  for  salaries,  . 
for  labor, 
for  publications,    . 
for  i^ostage  and  stationery, 
for  freight  and  express. 

Amount  carried  forward, 


15,000  00 


<^  L>j,y\j\j    \j\j 

$11,200  00 

4,215 

25 

2,298 

12 

3,291 

04 

<ft9I  004-   41 

tJp^XjV/V/u:     U-X 

$10,303 

59 

2,446 

47 

353 

03 

254 

39 

45 

41 

$13,402  89 
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Amount  broutjhl  forward. 

Cash  i):iid  for  heat,  light,  water  and  power, 

for  chemical  supplies,    . 

for  seeds,  plants  and  sundry  supplies, 

for  fertilizci's, 

for  feeding  stuffs, 

for  library,   . 

for  tools,  implements  and  niaehiuery 

for  furniture  and  lixtures, 

for  scientific  ap2)aratus, 

for  live  stock, 

for  travelling  expenses, 

for  contingent  expenses, 

for  building  and  repairs, 
Cash  on  hand,        .... 
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[Jan. 

$13,402 

89 

605 

03 

1,025 

44 

s,       378 

43 

14 

38 

700 

36 

27 

91 

)-,         39 

54 

1 

50 

195 

41 

61 

45 

694 

94 

245 

86 

412 

71 

3,198 

56 

$21,004  41 

I,  Charles  A.  C4]easoii,  duly  appointed  auditor  of  the  corporation,  do  herehy 
certify  that  I  have  examined  the  books  and  accounts  of  the  Hatch  Exj^eriment 
Station  of  the  Massachusetts  Agricultural  College  for  the  fiscal  year  ended 
June  30,  1903;  that  I  have  found  the  same  well  kept  and  classified  as  above; 
and  that  the  receipts  for  the  year  from  the  Treasurer  of  the  United  States  are 
shown  to  have  been  $15,000,  and  the  corresponding  disbursements  $15,000;  for 
?ill  of  which  proper  vouchers  are  on  tile  and  have  been  by  me  examined  and 
found  correct,  thus  leaving  no  balance  in  the  treasury. 


Amherst,  Sept.  2,  1903. 


CHARLES  A.  GLEASON, 

Auditor. 
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KEPOKT   OF   THE   METEOROLOGIST. 


J.     E.     OSTRANDEK. 


The  close  of  the  present  year  completes  a  period  of  fifteen 
years  of  meteorological  observations  at  this  station.  From 
the  records  obtained  during  this  time  the  mean  values  of  the 
several  weather  elements  for  each  month  have  been  com- 
puted, and  the  results  Avill  be  used  as  the  normals  of  this 
station  for  the  jiurpose  of  comparison.  Charts  showing  the 
more  important  meteorological  data  are  being  prepared  for 
the  exhibit  of  this  division  at  the  St.  Louis  Exposition. 

Last  3'ear,  when  this  station  arranged  to  furnish  the  United 
States  Weather  Bureau  with  the  usual  voluntary  observer's 
records,  the  advisability  of  changing  our  times  of  observa- 
tion from  7  A.M.,  2  p.m.  and  9  p.m.  to  8  a.m.  and  8  p.m.,  to 
conform  to  the  times  of  observation  at  other  stations,  was 
considered,  and  it  was  thought  best  not  to  make  the  change 
at  that  time.  Our  i)rinted  forms  for  permanent  record  being 
all  used,  it  Avas  thought  best  to  provide  for  the  above  change 
in  preparing  new  record  books.  This  has  accordingly  been 
done,  and  the  change  from  tri-daily  to  semi-daily  observa- 
tions will  be  made  at  the  close  of  a  five-j^ear  period,  on  Jan. 
1,  1904.  The  records  being  largely  controlled  by  our  self- 
registering  instruments,  the  change  should  not  appreciably 
affect  our  results  for  comparison  Avith  the  normals  already 
deduced. 

The  usual  4-page  bulletins,  giving  the  more  important 
daily  records,  with  the  monthly  means  and  summary  of  the 
weather,  have  been  issued  the  first  of  each  month.  An 
annual  summary  will  be  prepared  and  published  as  a  part  of 
the  December  bulletin. 

The  local  forecasts  sent  out  by  the  New  England  section 
of  the  United   States  Weather  Bureau  have  been  received 
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during  the  year,  and  the  signals  displayed  from  the  flagstatf 
on  the  tower.  These  forecasts  having  come  this  year  by  the 
Postal  Telegraph  and  Cable  Company,  instead  of  the  West- 
ern Union  Telegraph  Companj^ ,  as  formerly.  Our  telegraph 
line  to  the  college  has  been  out  of  service  most  of  the  year, 
and  the  predictions  have  been  obtained  by  telephone,  caus- 
ing considerable  inconvenience  and  delay  in  displaying  the 
signals.  Arrangements  were  finally  made  with  the  Postal 
Company,  whereby  they  connect  with  our  line  to  the  college 
at  the  corner  of  Amity  Street  and  Lincoln  xVvenue,  they 
maintaining  a  line  from  their  office  to  that  point,  and  this 
division  controlling  the  line  from  that  point  to  the  tower. 
The  receipt  of  the  forecasts  by  telegraph  at  the  tower  was 
resumed  about  December  1. 

At  the  re(|uest  of  the  section  director  of  the  Weather 
Bureau,  the  weekly  snow  reports  are  being  sent  to  the  Bos- 
ton office,  as  in  previous  years. 

Two  standard  thermometers,  reading  to  one-fifth  degree 
F.,  were  purchased  during  the  year,  to  replace  others  broken 
in  use.  Three  new  clocks  for  the  Draper  instruments  in  the 
tower  were  also  bought,  to  replace  others  that  were  worn  out. 
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Besides  the  general  correspondence  work  relating  to  the 
diseases  of  plants,  which  is  constantly  increasing  each  year, 
this  division  has  continued  its  usual  experimental  work  in 
the  greenhouse  on  various  market  garden  and  lioricultural 
problems. 

During  the  past  year  this  division  has  published  two  bulle- 
tins, entitled,  "Cucumbers  under  Glass,"  issued  as  Bulletin 
No.  87;  and  "Injuries  to  Shade  Trees  from  Electricity," 
which  was  issued  as  Bulletin  No.  91. 

From  the  pathologist's  point  of  view,  the  past  season  has 
shown  some  resemblance  to  the  preceding  one.  Both  sea- 
sons have  been  peculiar,  as  demonstrated  by  the  second 
blossoming  of  a  large  number  of  plants  and  the  general  up- 
setting of  their  seasonal  habits.  There  has  been  an  absence 
of  some  fungi,  which  usually  occur  more  or  less  commonlj^ 
and  a  predominance  of  others  Avhich  gencralh^  do  not  cause 
much  damage.  Some  indications  of  the  pink  mold,  a  so- 
called  attendant  of  apple  scab,  which  made  its  appearance 
last  year  for  the  first  time  in  this  State,  has  shown  itself 
again,  although  trouble  from  this  fungus  has  not  lieen  serious 
in  this  State.  The  sooty  mold  of  greenings,  etc.,  has  been 
unusually  abundant  the  past  two  years  where  spraying  has 
not  been  properly  attended  to,  causing  much  disfiguration 
of  the  fruit.  Considerable  damage  was  done  to  pear  trees 
by  lice,  which  profusely  secreted  honey  dew  on  the  foliage 
and  stems,  thereby  furnishing  conditions  for  the  luxurious 
development  of  a  black  mold  on  the  stems  and  leaves,  caus- 
ing much  injury  to  the  latter. 
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The  raspberry  cane  blight,  recently  described  by  Prof. 
F.  C.  Stewart,  1  has  been  noted  in  this  State,  and  specimens 
have  been  sent  to  Professor  StcAvart,  avIio  has  reported  upon 
them.  How  common  this  disease  is,  or  is  likely  to  become, 
we  are  at  present  not  able  to  say.  There  has  been,  more- 
over, an  unusual  amount  of  winter-killing  of  raspberry  canes, 
resultinsr  from  the  unusual  conditions  of  the  fall  of  1902. 

Some  complaint  has  been  made  in  regard  to  a  potato  stem 
rot,  a  disease  which  is  apparently  more  common  in  Vermont, 
where  it,  with  other  potato  diseases,  is  receiving  serious 
attention  by  Prof.  L.  R.  Jones. 

An  unusual  leaf  s})()t  disease  for  this  region  Avas  noted  on 
corn.  This  Avas  caused  by  the  fungus  llehnlntJiosporium 
incons2)icnum  C.  and  E.,  which  gave  the  leaves  a  badly 
spotted  ai)pearance,  and  in  one  instance  rendered  the  crop 
practically  useless.  Probably  the  extremely  abnormal  corn 
weather  during  the  past  sunmier  was  responsible  for  this. 

A  fungus  known  as  Vermicular ia  trkJielJa  Fr,  caused  con- 
siderable spotting  and  damage  to  the  leaves  of  the  English 
ivy  {Hedera  helix,  L.).  There  has  been  a  minimum  num- 
ber of  the  usual  shade  tree  fungous  blights,  although  the 
blight  of  the  horse-chestnut  leaves,  caused  by  the  fungus 
PliylloMicfa  spJuvropsoidea  Ell.  and  Ev.,  was  troublesome, 
and  a  considerable  amount  of  defoliation  occurred  to  ma})les 
from  sun  scorch.  The  Norway  maple  leaves  were  also 
greatly  lacerated  by  the  winds  at  the  time  of  unfolding,  and 
they  were  literally  covered  with  honey  dew,  which  in  some 
cases  resulted  in  the  development  of  a  black  mold  on  them. 

The  stem  rot  diseases  of  the  carnation,  aster,  campanula, 
etc.,  have  been  rather  common  on  out-of-door  plants.  The 
usual  blights  of  the  melon  and  cucumber  were  present,  but 
these  crops  did  so  poorly  that  the  fungus  had  little  mate- 
rial to  work  on.  The  general  consensus  of  opinion  among 
growers  of  melons  and  cucumbers  is  that  spraying  does 
little  or  no  good  when  the  anthracnose  and  alternaria  are 
present.  This  is  especially  true  of  the  melon,  where  all 
attempts  at  spraying,  even  when  fre(|uently  attended  to, 
failed  to  hold  these  fungi  in  check. 

*  Geneva,  N.  Y.,  Experiment  Station,  Bulletin  No.  226,  December,  I'JOO. 
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The  most  general  eomplaiiit,  liowever,  during  the  .sju-ing 
and  sunnner,  was  in  regard  to  winter-killing.  It  is  seldom 
one  finds  so  many  varieties  of  })lants  injured  from  this  cause, 
whieli  can  be  traced  back  to  the  unusually  prolonged  warm 
weather,  characteristic  of  the  fall  of  11)02,  and  the  sudden 
freeze  following  in  early  December.  Among  the  plants  that 
have  suffered  to  a  considerable  extent  are  the  following: :  — 

The  Californian  })rivet  {Ligustruni  ovalifollum)  and  Ligus- 
trum  ibota  were  in  many  cases  killed  outright.  Yellow  and 
crimson  rambler  roses  and  certain  honeysuckles  were  killed 
to  the  ground.  The  climbing  ivy  {A)n]ielo])sis  vei(chii)  was 
badly  damaged,  so  nuich  so,  in  fact,  that  buildings  that  were 
tolerabl)"  well  covered  with  this  beautiful  ivy  were  almost 
bare  in  mid-summer.  Wistarias,  deutzia,  spiraea  thunbergii, 
spiraea  vanhouttei  and  fors}  thia  had  their  flower  buds  injured 
so  severel}'  that  they  uiade  little  show  in  the  spring.  The 
Japanese  clematis  was  in  most  cases  killed  to  the  ground. 
Euon3mius  radicans  suflered  badly,  as  did  many  of  the  vibur- 
nums. Many  of  the  choicer  aquilegias  were  killed  outright. 
The  fruit  buds  of  cherries,  peaches  and  Japanese  plums  were 
practically  killed  ;  in  some  cases  the  wood  Avas  much  injured. 
Grape  vines  were  in  some  cases  killed  to  the  ground,  and 
strawberries,  blackberries  and  raspberries  were  much  injured. 
Such  wild  plants  as  the  beech,  plum  and  buckthorn,  and 
many  of  the  wild  roses,  had  their  wood  severely  injured. 
Many  of  these  plants  appeared  to  come  through  the  winter 
successfully,  and  threw  out  strong  shoots  in  the  spring, 
when  they  suddenly  collapsed.  Blackberries  and  raspber- 
ries showed  a  marked  tendency  to  die  back  after  having 
blossomed  and  fruited.  In  some  other  instances  plants  not 
supposed  to  be  hardy,  such,  for  example,  as  the  crimson 
clover  and  alfalfa,  have  gone  through  the  winter  without 
trouble.  It  would  appear  that,  Avhile  the  severe  frost  in 
December,  following  the  unusually  prolonged  warm  spell, 
was  the  means  of  doing  great  injury  to  plants  that  are  sup- 
posed to  be  toleral)ly  hardy,  those  like  the  crimson  clover, 
etc.,  which  are  not  hardy,  were  not  affected.  The  limited 
amount  of  frost  in  the  ground,  due  to  the  snow  cover,  even- 
tually proved  advantageous  to  such  plants  as  the  crimson 
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clover  and  alfalfa.  It  is  probable  that  the  unusually  slight 
amount  of  moisture  present  in  the  soil  during  the  past  spring 
had  much  to  do  with  weakening  many  plants  which  might 
have  made  some  recovery  under  other  conditions. 

We  append  to  this  report  some  experiments  relating  to 
the  influence  of  electricity  on  the  growth  of  plants,  which 
have  been  carried  on  by  us  and  students  in  a  minor  way  for 
some  years.  Notwithstanding  the  considerable  accelerated 
growth  that  electrical  stinuilation  is  capable  of  giving  rise  to, 
these  experiments  are  not  presented  with  any  idea  in  mind 
that  they  furnish  evidence  of  legitimate  lines  of  forcing,  or 
that  the  matter  Avill  be  taken  up  by  practical  groAv^ers  as  a 
means  of  increasing  their  crops,  especiall}'^  at  the  present 
time.  There  are  many  legitimate  lines  of  increasing  and 
improving  crops  of  which  growers  ha^e  not  as  yet  made  full 
use,  and,  so  long  as  such  exist,  the  wisest  policy  to  pursue  is 
to  pay  little  attention  to  the  so-called  freak  farming  methods. 
This  subject  is,  moreover,  an  especially  complicated  one, 
and  it  is  a  question  whether  it  would  be  of  nmch  value  to 
those  who  arc  following  commercial  methods,  even  if  con- 
siderable gain  could  be  obtained.  All  stinuili  to  plants  are 
by  no  means  advantageous  from  the  commercial  point  of 
view,  inasmuch  as  they  do  not  alwa3^s  induce  acceleration  in 
the  right  direction,  since  the  law  of  correlation  holds  good 
in  the  plant  kingdom,  as  elsewhere.  Whether  the  scarcity 
of  forcing  elements  or  the  development  of  more  refined 
methods  of  the  gardening  of  the  future  Avill  induce  gardeners 
to  utilize  the  various  cosmic  forces  which  act  as  stimuli,  and 
which  are  not  employed  at  the  present  time,  remains  to  be 
seen. 
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THE   IXFLUEXCE   OF   CURRETs^T   ELEC- 
TRICITY  ON  PLANT   GROAVTIL 


BY    G.  E.  STONE, 


Since  1747,  when  Dr.  Mainbray  of  Edinburgh  electrified 
two  myrtle  plants,  various  experiments  have  been  made  to 
test  the  effects  of  electricity  on  the  growth  of  plants.  Many 
marvelous  results  have  been  reported  from  time  to  time  that 
have  arisen  from  electrical  treatment,  and,  as  a  rule,  the 
more  ignorance  the  experimenter  displayed  in  his  knowlqdge 
of  plant  ph3'siology,  the  more  startling  and  marvelous  have 
been  the  results. 

At  the  time  our  experiments  were  undertaken  we  were 
unable  to  find  instances  where  any  attempt  had  actually  been 
made  to  study,  in  a  methodical  way,  the  intluence  of  current 
electricity  on  plants  ;  and  in  practically  all  of  the  previously 
recorded  experiments  the  data  were  scant  and  the  scope  of  the 
work  was  extremely  limited.  In  the  various  haphazard  re- 
sults that  had  been  reported  from  time  to  time  there  had  been 
no  attempt  made  to  measure  the  current  or  resistance,  or  to 
ascertain  the  electro  motive  force  employed  in  any  of  the  ex- 
periments from  which  remarkable  deductions  had  been  drawn. 
One  of  the  criticisms  which  can  be  made  in  regard  to  all  of 
the  earlier  work,  as  well  as  most  of  the  later  work,  is  that, 
Avith  a  very  few  excej^tions,  only  a  few  plants  were  employed 
in  experimenting,  — frequently  only  one  or  two.  As  a  con- 
sequence, the  errors  arising  from  individual  variation  were 
entirely  ignored,  since  enough  plants  were  not  employed  to 
eliminate  them.  Indeed,  in  numerous  cases  the  results  ob- 
tained were  nothing  more  than  would  be  obtained  from  indi- 
vidual variation,  or  would  naturally  arise  from  a  slight 
difference  in  environment.  The  limited  amount  of  current 
which  we  have  shown  to  act  as  a  stinmlus  to  plant  growth 
would  indicate  that  in  some  cases  they  were  not  in  the  range 
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of  acceleration  (see  Fig.  1).  That  plants  respond  to  elec- 
trical stimuli  in  various  ways  is  well  known.  The  efiect, 
however,  which  electricity  has  upon  the  growth  of  plants  has 
not  been  well  understood,  and  the  results  obtained  by  vari- 
ous experiments  have  not  been  convincing,  for  reasons  ah'eady 
pointed  out.     The  fact  has  been  definitely  established  that 

M  0  R  MX 

-I 1 1 h 

A  CCELERATION  -RETARDATION-  "DEATH- 

FiG.  1.  —  Diagram  sliowing  range  of  electric  current  affecting  plants. 
M,  minimum;  O,  optimum,  or  current  producing  greatest  stimulus; 
MX,  maximum,  or  death  current;  R  to  MX,  retardation  current. 

electrical  currents  exist  in  the  soil,  and  also  in  the  plant;  in 
fact,  wherever  chemical  activity  occurs  electric  currents  are 
likely  to  be  present,  although  these  currents  may  be  com- 
paratively insignificant,  and  require  delicate  instruments  for 
their  detection. 

The  following  experiments  in  stimulating  plants  with  elec- 
tricity have  been  carried  on  in  this  department  for  some 
years,  and  previous  to  undertaking  this  work  man}^  thou- 
sands of  plants  have  been  experimented  ^vith,  and  the  mini- 
mum, optimum  and  maximum  currents  have  been  established 
by  us  in  a  general  way.  AVe  therefore  had  more  or  less  a 
definite  idea  in  mind  as  to  what  strength  of  current  we 
wished  to  apply  at  the  beginning  of  our  work.  The  experi- 
ments we  are  about  to  describe,  therefore,  represent  only  a 
small  part  of  those  which  Ave  have  made,  and  these  were 
made  under  conditions  resembling  those  employed  for  com- 
mercial purposes.  We  shall,  however,  interpret  the  results 
of  these  experiments  in  the  light  of  those  obtained  from  our 
long  study  given  to  the  subject,  rather  than  from  what  these 
particular  tables  show. 

The  work  was  carried  on  in  the  greenhouse,  during  the 
summer  months.  The  plants  utilized  were  radishes  and  let- 
tuce, which  were  selected  for  special  reasons  as  being  suitable 
for  our  work.  The  plants  were  grown  in  wooden  boxes,  53 
inches  long,  32  inches  Avide  and  7  inches  deep.  These  boxes 
were  placed  on  movable  trucks,  or  in  sonu;  cases  on  supports 
18  inches  from  the  floor.  In  all  cases  they  were  insulated. 
The  soil  employed  was  of  a  uniform  <|uality  and  texture,  and 
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has  been  used  for  these  experiments  alone  for  some  years. 
Previous  to  using  the  soil  it  was  sifted  through  a  sieve  of  |- 
inch  mesh,  and  thoroughly  mixed.  After  using  the  soil  for 
a  few  experiments,  it  was  taken  out,  resifted  and  thoroughly 
incorporated  again  ;  and  occasionally  the  boxes  were  shifted 
about,  that  is,  the  normal  or  untreated  boxes  were  substi- 
tuted or  chanoed  for  those  which  had  been  treated.     With  a 
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Fig.  2.  —  Longitudinal  section  of  boxes  employed  in  the  electrical  experiments, 
showing  different  methods  of  treatment.  Size  of  boxes,  53  by  32  by  7  inches. 
1,  copper  and  zinc  electrodes  connected;  2,  direct  cuiTent  with  rheostat;  3, 
atmospheric;  4,  wire  electrodes.  C,  copper  electrodes;  Z,  zinc  electrodes; 
r,  rheostat;  b,  gravity  cells;  w,  wires;  g,  ground  wire;  p,  collecting  pole,  47 
feet  high. 

few  exceptions,  copper  or  zinc  plates  were  used  for  electrodes. 
These  were  made  the  same  size  as  the  ends  of  the  boxes, 
and  in  a  few  exceptional  cases  two  series  of  wires,  strung  on 
a  frame  about  three  inches  apart,  were  employed  instead  of 
the  plate  electrodes.  One  of  these  frames  of  wires  was 
buried  near  the  surface,  the  other  being  buried  near  the  bot- 
tom of  the  box.  The  current,  therefore,  had  to  pass  from 
one  frame  tf)  the  other  in  a  vertical  direction  through  the 
soil.  The  strength  of  the  currents  was  in  most  cases  ob- 
tained with  the  aid  of  a  Weston  milammeter,  capable  of  read- 
ing Jq  of  a  milliampere,  or  about  2"o^7o"  ^^  ^^^  ampere.  The 
interrupted  induced  currents  were  estimated,  and  represent 
only  approximate  determinations. 

In  the  radish  experiment  the  seed  was  sown  directly  in 
the  treated  boxes,  whereas  in  the  case  of  the  lettuce  the 
plants  were  transplanted  into  the  treated  boxes  when  of 
suitable  size  to  make  good  growth  ;  the  latter  plants,  there- 
fore, were  not  stimulated  during  the  whole  period  of  devel- 
opment. Gravity  cells  were  used  in  all  cases  except  with 
the  interrupted  induced  current,  in  which  case  sal-ammoniac 
cells  were  employed. 
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Experiments  with  Radishes. 

Table  I.  —  Shon-ing  the  Effect  of  Current  Electricity  upon  the  Growth 
of  Radishes  (^Baphnnns  safivus  h.).  Nor7nal  Plants  taken  as  the 
Standard  at  100. 

[Duration  of  experiment,  38  daj's.] 


No 

Treatment. 

Number 

of 
Plants. 

Average 
Weight,  in 
Grams,  of  — 

Per  Cent. 

gained  in 

Weight  of  — 

Total 
Per  Cent. 

Roots. 

Tops. 

Roots. 

Tops. 

gained. 

1 

2 
3 

Average  of  three  normals,     . 

Direct  current;    one  gravity 
cell ;    copper    plate    elec- 
trodes  

Direct  current;  three  gravity 
cells ;  wire  electrodes. 

Interrupted  induced  current ; 
copper  plate  electrodes, 

112% 

81 
110 
114 

4.83 

4.89 
4.63 

5.S.i 

10.55 

12.58 
9.26 
11.22 

.012 
> 4.140 
21.110 

19.24 

» 12.22 

6.35 

13.60 
»9.68 
10.98 

1  Loss. 

Per  Cent. 
Total  average  weight,  in  grams:—  Normal.     Treated,    gained. 

Of  roots, 4.83  5.12  6.00 

Of  tops 10.35  11.02  4.45 

Of  whole  plant 15.38  16.14  4.93 

In  Table  I.,  in  which  six  experiments  are  shown,  three 
normal  and  three  treated,  the  results  are  not  in  every  way 
satisfactory.  The  current  strengths  were  determined  only 
once  or  twice  in  each  instance,  and  these  were  estimated  by 
means  of  the  electro-motive  force  of  the  cell  and  resistance 
of  the  soil,  and  also  l)y  a  milammeter.  The  current  strengths 
given,  therefore,  represent  only  those  which  were  found  at 
the  time  of  the  measurements  ;  and,  since  the  resistance  of 
soil  is  constantly  changing  with  the  movements  of  the  water 
currents  and  with  the  ever-changing  moisture  conditions, 
due  to  waterino-,  the  figures  ofivino^  strenoths  of  current  must 
not  be  considered  as  averages.  The  strengths  of  current 
employed  in  the  experiments  shown  in  the  first  five  tables 
vary,  probably  from  .05  to  1  milliampere. 

In  the  interru})ted  induced  current  experiments  the  cur- 
rent had  a  duration  of  only  about  ten  seconds  per  hour. 
This  was  accom[)lished  with  a  clock  arrangement  and  with  a 
Du  Bois-Reymond  induction  apparatus.  It  should  be  pointed 
out,  however,  that  with  the  use  of  this  apparatus  only  ap- 
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proximate  currt'iit  strengths  can  be  obtained,  as  it  does  not 
constitute  a  particularly  favorable  type  of  instrument  for 
obtaining  uniform  currents  of  a  definite  strength.  Our  ex- 
tensive use  of  the  ai)paratus  in  other  work  has  enabled  us, 
nevertheless,  to  use  it  with  some  degree  of  certainty  of 
seeurino-  optinuuu  streni>ths  of  current.  The  three  oravity 
cells  with  wire  electrodes  apparentl}-  furnish  too  nuich  cur- 
rent, hence  we  obtained  a  loss  with  these.  We  were  beyond 
the  optimum  and  in  the  retardation  zone  (see  Fig.  1 ) .  This 
method  of  applying  current  Mas  not  considered  a  satisfactory 
one,  and  it  was  subsequently  aliandoned. 

Nos.  1  and  3  showed  a  gain  in  both  roots  and  tops,  the 
total  gain  being  13.(50  and  10.98  per  cent,  respectively. 
At  the  bottom  of  the  table  is  given  the  total  gain  from  elec- 
trical treatment ;  for  example,  the  weights  of  the  plants  from 
three  treated  boxes  are  compared  Avith  the  weights  of  those 
in  the  three  normal  boxes.  The  total  gain  of  4.93  percent, 
is  of  little  siiiuificance. 


Tablk  II.  —  Shonrinfj  the  Effect  of  Current  Electricity  iqwn  the  Growth 
of  Btidishcft  (]iaj)Ji(i»/ts  sutiriis  L.).  Ncji'mal  I'lantfs  takoi.  as  the 
Stdiidanl  at  100. 

[Duration  of  experiment,  39  days.] 


No 

Treatmknt. 

Number 

of 
Plants. 

Average 
Weight,  in 

GRAMS,  OF  — 

Per  Cent. 

(iAINEI)  IN 

Weight  of  — 

Total 
I'er  Cent. 

Roots. 

Tops. 

Roots. 

Tops. 

gained. 

4 

5 
G 

7 
8 

Average  of  three  normals,    . 

Direct  current;   one  gravity 
cell;     copper    plate    elec- 
trodes,     

Direct  current;   one  gravity 
cell ;  wire  electrodes,  . 

Amospheric  electi-icity ;  co])- 
per  plate  electrodes,"    . 

Copper  and   zinc  plate  elec- 
trodes, connected. 

Interrupted  induced  current ; 
copper  plate  electrodes. 

2-20% 

20.5 
2.50 

l>^0 

1011 
220     . 

.5.29 

6.22 

5. 88 
fi.fiO 
14.01 
6.17 

5.5.5 

12.65 
7.47 
10.06 
16.61 
6.17 

I7.r.s 

11.1.5 
24.76 
164.84 
16.63 

1-27. 92 
34..5il 
81.26 

199.28 
11.17 

74.07 
23.15 
.53.61 
182.38 
13.83 

Total  average  weight,  in  grams:  — 

Of  roots 

Of  tops 

Of  whole  plant. 


Per  Cent. 

Normal.    Treated,      gained. 

5.29  7.77  46.88 

5. .55  10. .5!)  90.85 

10.84  18.36  69. .54 
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In  Table  II.  is  shown  a  similar  series  of  experiments,  with 
moditioations  in  the  strengths  of  currents  and  methods  of 
treatment.  The  currents,  however,  are  reduced  in  all  in- 
stances Avith  favorable  results.  Nos.  6  and  7  received  dif- 
ferent treatment  from  those  shown  in  the  preceding  table. 
In  No.  6,  termed  atmospheric  electricity,  the  current  was 
obtained  from  a  pole  35  feet  above  the  ground  ;  from  the  top 
of  this  pole  there  projected  24  small  copper  points,  distrib- 
uted in  two  circles,  the  outer  arc  having  a  radius  of  30 
inches.  The  arrano-ement  was  similar  to  that  shown  in  Fio;. 
2,  but  not  identical.  The  copper  points  were  all  connected 
with  a  single  wire  leading  to  the  copper  plate  electrode  of 
Box  No.  3,  the  other  electrode  being  grounded,  as  shown 
at  G.  The  electrical  potential  was  not  determined  in  this 
experiment,  but  the  deflection  of  the  needle  of  a  sensitive 
galvanometer  showed  that  a  current  was  present  in  the 
soil. 

In  No.  7,  copper  and  zinc  plate  electrodes  were  simply 
connected  together  with  a  wire  ;  this  formed  a  cell  in  itself, 
and  generated  a  current,  usually  about  the  optimum,  which 
could  be  readily  read  with  the  milammeter.  The  results  of 
the  experiments  are  shown  in  the  last  column  at  the  l)ottom 
of  the  table. 

Table  III.  —  Showing  (he  Effect  of  Cm'rent  Rkctricity  iqwn  the  Growth 
of  Badishes  (^Bdplmniis  aritiviis  L.).  Normal  FluJits  tdken  as  the 
Standard  at  lf)0. 

[Duration  of  experiment,  3C  days.] 


No. 


Treatment. 


Normal 

Direct  current;  one  gravity  cell';  cop- 
per plate  electrodes 


Amospheric  electricity;  copper  plate 
electrodes, 


TOTAI> 

Weight,  in 
Gkams,  of — 


Roots.    Tops 


TOO 
800 
900 


2,700 
2,900 
3,000 


Per  Cent. 

gained  in 

Weight  of  - 


Roots.    Tops 


14.28 
28.59 


7.40 
11.11 


Total 
Per  Cent, 
gained. 


8.82 
14.70 


Total  -weight,  in  grams  :- 
Of  roots,      . 
Of  tops,       . 
Of  whole  phnit, . 


Normal. 

Treated. 

Per  Cent, 
gained. 

700 

SoO 

21.42 

2,700 

2,9.50 

9.25 

:{,40() 

;5,Koo 

11.76 
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Table  IV.  —  Showing  the  Effect  of  Current  Electricity  7ipo7i  the  Growth 
of  Radishes  (Eaj^hanns  sativus  L.).  Normal  Plants  taken  as  the 
Standard  at  100. 

[Duration  of  experiment,  38  days.] 


No 

TUEATMENT. 

Number 

of 
Plants. 

Average 
Weight,  in 

GKAM.S,  OF  — 

Per  Cent. 

gained  in 

Weight  ok  — 

Total 
Percent. 

Roots. 

Tops. 

Roots. 

Tops. 

gained. 

11 

12 
13 

Normal 

Direct  current;   one  ^r:ivity 
cell;    copper     jjlate     elec- 
trodes,     

Atmosplieric  electricity ;  cop- 
per plate  electrodes,    . 

Copper  and  zinc  plate  elec- 
trodes, connected. 

291 

2S)4 
281 

289 

3.09 

2.C.5 
3.20 
2.94 

2.74 

2.72 
4.27 

r).f)3 

> 14.23 
14.85 

1  .7-^ 
101.82 

'7.89 
28.13 

45.28 

Per  Cent. 
Total  average  weight,  in  grams :  —  Normal.   Treated,    gained. 

Of  roots 3.09  2.93  1 5.50 

Of  tops 2.74  4.17  52.19 

Of  whole  plant 5.83  7.10  21.78 

1  Loss. 


Table  V.  —  Shoumig  the  Effect  of  Current  Electricity  ujion  the  Growth 
of  Radishes  (Raphaniis  satiims  L.).  Normal  Plants  taken  as  the 
Standard  at  100. 

[Duration  of  experiment,  40  days.] 


1  Loss. 

Per  Cent. 
Total  average  weight,  in  grams:—  Normal.       Treated,    gained. 

Of  roots, 3.29  3.78  14.86 

Of  tops 4.02  4.03  .02 

Of  whole  plant 7.31  7.81  6.84 

The  experiments  shown  in  tables  III.,   IV.  and  V.   fol- 
lowed one  another  in  succession,  and  were  conducted  in  a 
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similar  manner.      Some  of  the  data  shown  in  Table  III.  was 
unfortunately  mislaid  or  lost,  hence  it  is  incomplete. 

No.  11,  in  Table  IV.,  shows  a  loss,  but  the  average  per- 
centage gained  by  treatment  in  other  cases  is  important. 
The  gain  shown  in  Table  V.  as  a  result  of  treatment  is  com- 
paratively small. 


Table  VI.  —  Shoiving  the  Effect  of  Current  Electricity  upon  the  Growth 
of  R(ulishes  {^Raphanus  sativush.).  Normal  Plants  taken  as  the 
Sla7idard  at  100. 

[Duration  of  experiment,  30  days.] 


No 

Treatment. 

Number 

of 
Plants. 

Average 
Current, 

in 

Milliam- 

peres. 

Average 
Weight,  in 
Grams,  of  — 

Per  Cent. 

GAINEIi  IN 

Weight  of  — 

Total 
Per  Cent. 

Roots. 

Tops. 

Roots. 

Tops. 

gained. 

17 
18 
19 

Normal, 

Direct  cuii'ent;  one 
gravitvcell;  copper 
plate  electrodes. 

Direct  currcut;  two 
gravity  cells;  cop- 
per plate  electrodes. 

Copper  and  zinc  plate 
electrodes,  con- 
nected, 

241 

{  -n,  j 
1  *^  1 

198 

.10 

(.05-.24) 

.43 

(.22-.iK1) 

5.1 

! " 

7.4 

3.2 

4.1 

5.5 
5.2 

19.60 
15.68 

45.09 

28.12 
71.87 

62.. 50 

22.88 
37.34 

51.80 

Per  Cent. 
Total  average  weight,  in  grams : —  Normal.   Treated,    gained. 

Of  roots,    .       ■ 5.1  6.46  26.66 

Of  tops 3.2  4.93  54.06 

Of  whole  plant 8.3  11.39  37.22 

Table  VII.  —  Shoiving  the  Effect  of  Cm-rent  Electrifityiipoii  the  Growth 
of  lidiUshes  (h'aphaiiits  satirus  L.).  Nornud  Plants  taken  as  the 
Standard  at  100. 

[Duration  of  experiment,  36  daj's.] 


No 

Treatment. 

Number 

of 
Plants. 

Average 
Current, 

in 

Milliam- 

pei'es. 

Average 
Weight,  in 
Grams,  of  — 

Per  Cent. 

gained  in 

Weight  of  — 

Total 
Per  Cent. 

Roots. 

Tops. 

Roots. 

Tops. 

gained. 

20 
21 
22 

Normal, 

Direct  current;  one 
gravity  cell ;  copper 
l)late  electrodes. 

Direct  curiciit;  two 
gra\  ity  cells;  copper 
plate  ('lectrodcs, 

Copiier  iind  zinc  |ilate 
electroiles,  con- 
nected. 

217 

j    29'2    1 
272 

.197 
(.10-. 33) 

.516 
(.23-1.0) 

.305 

10.80 
1  12.30 

1  12.20 
11.20 

4.14 

6.60 

7.50 
4. 96 

h'f.ss 
12.9(> 

3.71 

.Ml.  42 
81.1 6 

19.80 

26.50 
31.19 

8.16 

Per  Cent. 
Total  average  weight,  in  grams: —  Normal.    'I'reated.      gained. 

Of  roots, 10.80  11.90  10.18 

Of  tops 4.14  6.35  53.14 

Of  whole  plant 14.94  18.25  22.15 
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The  concluding  experiments  with  radishes  are  shown  in 
tables  VI.  and  VII .  In  this  series  the  atmospheric  experi- 
ments were  omitted,  and  two  direct  current  experiments 
were  run  in  each  series,  in  which  different  strengths  of  cur- 
rents were  employed.  In  these  experiments,  and  all  others 
which  follow,  an  attempt  was  made  to  regulate  more  care- 
fully the  current  strengths,  and  to  make  daily  readings  of 
the  same.  For  this  purpose  a  water  rheostat  was  introduced 
in  the  circuit  in  the  two  direct  current  ex})eriments ;  this 
enabled  us  to  modify  resistance,  and  to  maintain  a  tolerably 
uniform  current  throughout.  Current  records  in  all  the 
remaining  radish  experiments  are  averages  for  the  whole 
period,  and  are  based  on  four  readings  each  day.  The 
minimum  and  maximum  currents  are  given  in  parentheses. 
In  the  direct  current  series  we  endeavored  to  maintain  .2 
and  .4  milliamperes  respectively.  In  No.  17,  however,  it 
only  averaged  .1  milliampere  ;  in  Nos.  19  and  22  readings 
were  made  every  three  days,  but  no  attempt  was  made  to 
modify  the  current  strengths,  inasmuch  as  these  boxes  gen- 
erally maintained  the  desired  current. 

The  results  shown  in  these  tables  are  more  uniform  than 
in  the  preceding  ones,  as  might  be  expected  from  the  greater 
care  we  gave  in  maintaining  a  more  or  less  uniform  stimulus. 
No  loss  is  shown  by  the  treated  ones  ;  on  the  otht^r  hand, 
there  is  considerable  acceleration  shown  by  treatment. 

Summary.  —  Shoivimj  the  L'csnUs  wiih  Radishes  (^Raphanus  salivus  L.) 
given  in  Tables  /.,  //.,  IV.-VII. 


Treatment. 


Direct  current  (weak);  copper  plate  electrodes; 
Nos.  1,4,  11,  14,  17,  20, 

Direct  current  (stronger) ;  copper  plate  elec- 
trodes; Nos.  18,  21, 

Direct  current;  wire  electrodes;  Nos.  2,  5, 

Interrupted  induced  current;  copper  plate  elec- 
trodes; Nos.  3,  8, 

Copper  and  zinc  plate  electrodes,  connected ;  Nos. 
7,  l."},  Ifi,  19,  22 

Atmospheric  electricity;  copper  plate  electrodes; 
Nos.  6, 12,  \ft 


Number 

of 
Plants. 


1,334 


.'>34 
360 


334 
1,146 

738 


Per  Cent. 

gained  in 

Weight  of  — 


Roots.    Tops 


9.73 

14.32 
3.50 

18.87 

44.49 

12.67 


39.66 

76.. 51 
11.18 

8.76 

76. ;« 

45.28 


Total 

Per  Cent. 

gained. 


23.67 

34.26 
6.73 

12.40 

.58.56 

28.47 


Average  per  cent,  of  weight  gained,  in  grams:  — 

Of  roots 17.26 

Of  tops 42.95 

Of  whole  plant, 27.34 
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The  results  of  electrical  treatment  of  various  kinds  and  of 
different  strengths  of  currents,  in  which  3,446  treated  radish 
plants  were  compared  with  2,022  normal  or  untreated  ones, 
are  shown  in  the  summary.  These  comparisons  are  based 
on  the  growth  of  the  normal  plants  with  which  the  treated 
were  grown,  and  not  on  the  total  normals,  since  the  duration 
of  experiments  in  one  table  does  not  correspond  with  those 
in  another  ;  or,  in  other  words,  there  existed  some  difference 
in  the  degree  of  maturity  of  the  various  crops.  This  method 
of  comparison  is  necessary,  since  the  treatment  varied  in 
time,  and  the  experiments  in  each  table  were  not  parallel 
throughout.  The  results  show,  however,  a})})reciable  gains  ; 
and,  as  they  are  averages,  the  percentages  represent  more 
accurately  the  influence  of  electrical  treatment,  the  total  gain 
for  roots  and  tops  being  27.34  per  cent.  A  notable  feature 
is  seen  in  acceleration  of  tops,  which  showed  about  two  and 
a  half  times  more  growth  than  that  shown  by  the  roots.  In 
the  case  of  the  two  interrupted  induced-current  experiments 
the  reverse  holds  true,  there  being  more  than  twice  as  much 
growth  of  roots  as  tops.  This  current  exerts  a  different 
physiological  effect  on  plants  than  the  direct  current. 

Experiments  with  Lettuce. 
The  tendency  of  electrical  stimuli  to  accelerate  the  growth 
of  the  toi)S  of  radish  plants  more  than  the  roots  suggested 
the  idea  of  substituting  lettuce.  Lettuce  possesses  a  differ- 
ent and  more  desirable  habit  of  growth,  it  would  seem,  for 
electrical  stimulation.  The  variety  of  lettuce  grown  in  all 
cases  Avas  that  known  as  the  Boston  head  type,  so  conmionly 
used  by  market  gardeners  in  Massachusetts.  The  plants 
were  grown  according  to  the  customary  manner  of  growing 
lettuce  ;  namely,  the  seed  was  sown  in  a  small  box  of  soil. 
When  the  seedlings  were  an  inch  or  two  high  they  were 
transplanted  into  larger  boxes  containing  loam ;  and  when 
they  had  formed  tliree  or  four  leaves  two  or  three  inches 
long,  they  were  carefully  selected,  as  regards  vigor  and  size, 
and  transi)lanted  into  the  experimental  boxes,  as  in  the  radish 
expeiiments.  The;  loam  in  which  they  were  started  was  of 
uniform  (|uality  and  similar  texture  to  that  used  in  the  boxes. 
Twenty-four  plants  were  set  in  each  box,  which  allowed  room 
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for  their  full  development.  In  transplanting,  however,  there 
was  little  or  no  loam  attached  to  their  roots.  We  have 
handled  lettuce  so  extensively  in  our  greenhouse  that  we 
were  familiar  Avith  its  characteristic  requirements,  and  usually 
had  on  hand  an  am})le  supply  of  material  from  which  to 
select.  The  strengths  of  currents  in  all  lettuce  experiments 
where  gravity  cells  Avere  used  are  based  on  four  daily  records. 
The  minimum  and  maximum  currents  are  also  given  in  paren- 
theses in  all  cases.  In  the  copper  and  zinc  electrode  con- 
nections the  currents  Avere  recorded  every  three  days  and 
the  tables  shoAv  the  averages  obtained. 

Table  VIII. —  Showing  the  Effect  of  Current  Electricity  upon  the 
Growth  of  Lettuce  (Laetuca  saliva  L.).  Normal  Plant  takc?i  as 
the  Standard  at  100. 

[Duration  of  experiment,  31  days.] 


No. 


Treatment. 


Total 

Average 

Number 

Current, 

Weight, 

Weight, 

of 

in 

in 

Plants. 

Milliani- 

Grams, 

Grams, 

pares. 

of 

of 

Plants. 

Plants. 

23 

- 

798 

34.69 

i      23) 

.188 

(.05-. 25) 

1     1,233 

53.60 

i  ^-M 

.395 
(.15-1.0) 

1     1,226 

55.72 

22) 

(.1-.5) 

1     1,126 

51.18 

Per  Cent, 
gained 

in 
Weight. 


Normal, 

Direct  current;  cojiper  plate  elec- 
trodes  

Direct  current ;  copper  plate  elec- 
trodes,      .       .       .       ... 

Copper  and  zinc  plate  electrodes,  . 


.54.22 
60.62 
47.53 


Total  average  weight,  in  grams :  — 

Normal, 34.69 

Treated 53.50 

Total  per  cent,  gained 54.22 

Table  IX.  —  Showing  the  Effect  of  Current  Electricity  upon  the  Growth 
of  Lettuce  (^Laetuca  saliva  L.).  Normal  Plants  taken  as  the  Stand- 
ard at  loo. 

[Duration  of  experiment,  42  days.] 


No. 


Treatment. 


Number 

of 
Plants. 


Current. 


Milliani. 
peres. 


Total 
Weight, 

in 
Grams, 

of 
Plants. 


Average 
AVcight, 

in 
Grams, 

of 
Plants. 


Per  Cent, 
gained 

in 
Weight. 


Normal, 
Direct  current. 


Direct  current 

Copper  and  zinc  plate  electrodes, 
connected, 


.199 

(.10-. 35) 

.342 
(.20-. 50) 

.296 
(.05-. 60) 


681 

818 

816 
725 


28.12 
34.08 

34.00 

30.20 


21.19 
20.91 
7.39 


Total  average  veeight,  in  grams :  — 

Normal 28.12 

Treated ^.73 

Total  per  cent,  gained,  ,.,.,,,,.,  ft. 30 
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In  the  two  preceding  tables  are  shown  the  results  of  elec- 
trical treatment  upon  lettuce.  The  current  was  set  at  .2 
millianiperes  in  experiments  23  and  26,  and  at  A  milliam- 
peres  in  experiments  24  and  27.  The  experiments  in  both 
tables  show  the  effect  of  electrical  treatment,  and  where  the 
resistance  was  modified  the  results  are  tolerably  uniform. 
The  gain  by  all  treatment  is  l().2y  and  54.52  per  cent, 
respectively. 

Taulk  X.  —  t^lioir  111(1  Ihc  Effcrl  of  ('nrrcnt  Eloirkil^j  njxDi  (he  (Iroiiik 
of  LeUucc  (L(ccl/(c(i,  sidica,  L.).  Noniidl  I'ldiiLs  taken  as  Ihc  Stand- 
ard at  loo. 

[Duration  of  experiment,  50  days.] 


Total 

Average 

No. 

Treatment. 

Number 

of 
Plants. 

Current, 

in 
Milliam- 

Weight, 

in 
Grams, 

Weight, 

in 
Grams, 

Per  Cent. 

gained 

in 

peres. 

of 

of 

Weight. 

Plants. 

Plants. 

Normal, 

24 

- 

619 

25.79 

- 

29 

Direct  current, 

-! 

.171 

(.02-25) 

!  :,-. 

25.00 

3.06 

30 

Atmospheric  electricity,    . 

23 

- 

784 

34.08. 

32.14 

31 

Copper  and  zinc  plate  electrodes, 
connected, 

j  .j 

.06 
(.Ol-.O'J) 

1    688 

28.66 

11.13 

Total  average  weight,  in  grams :  — 

Normal, 25.79 

Treated, 29.24 

Total  per  cent,  gained,  .        .' 13.37 


Taulk  XI.  —  S/ion-in;/  the  Mffi'ct  of  Cnrrmt  Eln-lririlii  ii/tonl/K'  (Irtniih 
of  Lettuce  (^fjactnca  s(dira  L.).  Xoniad  I'/an/s  taken  as  the  Slmnt- 
anl  at  100. 

[Duration  of  experiment,  60  days.] 


No. 

Treatment. 

Number 

of 
Plants. 

Total 
Weight, 

in 
Grams, 

of 
Plants. 

Average 
Weight, 

in 
Grams, 

of 
Plants. 

Per  Cent, 
gained 

in 
Weiglit. 

Normal, .        .        . 

24 

710 

29.58 

- 

32 

Direct  current 

24 

800 

3.3.33 

12.67 

33 

Cojjper  and  zinc  i)late  electrodes,  connected. 

24 

1,355 

56.45 

90.83 

34 

Atmosiilieric.  electricily, 

24 

1,000 

41.66 

40.83 

Total  average  weight,  in  grams :  — 

Normal, 29. ."iS 

Treated, 43.81 

Total  per  cent,  gained, 48.10 
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Tables  X.  and  XI.  show  experiiiicnts  arranged  similar  to 
the  two  preceding  tables,  except  that  atmospheric  electricity 
is  substituted  for  one  of  the  direct  currents.  The  atmos- 
pheric experiuKMits  were  conducted  with  some  modification 
from  those  })rcviously  described  with  radishes.  The  prin- 
cipal diiference,  however,  consisted  in  the  pole  being  47 
feet  from  the  ground,  instead  of  35  feet,  and  the  number  of 
copper  [)oints  was  124,  instead  of  24.  (See  Fig.  2,  No.  3.) 
In  the  latter  case  we  also  used  a  2<S-inch  metal  bicycle  Avheel 
to  su})port  the  points  at  the  to})  of  the  pole  ;  in  the  former 
ari-angcmcnt  an  inverted  umbrella  frame  was  used.  In  No. 
2JI  we  endeavored  to  maintain  a  current  of  .2  milliamperes  ; 
Nos.  31  and  33  gave  the  usual  current,  but  no  attempt  was 
made  to  obtain  averages  in  the  latter.  A  sensitive  galva- 
nometer usually  showed  a  deflection  of  the  needle  when  in 
circuit  with  the  atmospheric  electrodes  ;  and  when  the  wire 
from  the  pole  was  attached  to  a  Thomson  self-recording 
electrometer  it  was  usually  sufl5cient  to  deflect  the  needle 
and  to  charge  slightly  a  glass  case  of  30  cubic  feet  capacity. 
Only  occasional  observations  were  made  of  the  strength  of 
the  current  in  cxi)eriments  shown  in  Table  XI. 

SuMMAKv.  —  Showing  the  BcsuUiy  wilh  Lelluce  (^Lactuat  saliva  L.)  <jiven 
in  Tables  VIIT.-XI. 


Treatment. 


Number 

of 
Plants. 


Average 
Current, 

in 

Milliani 

peres. 


Total 
Per  Cent, 
gained. 


Direct  current  (weak) ;  copper  plate  electrodes;  Nos.  23, 
26,  39,  32, 

Direct  current  (stronger);  copper  plate  electrodes;  Nos. 
24,27 

Copper  and   zinc  iilate  electrodes,  connected;  Nos.  2.i, 
28,31,33 

Atmospheric  electricity;    copper  plate  electrodes;  Nos. 
30,34,         .        .        .    ■ 


0.184 
0.367 
0.214 


22.78 
40.76 
36.48 
39.22 


Average  per  cent,  of  weight  gained,  in  grams, . 


34.81 


The  average  percentage  of  gain  shown  by  lettuce  is 
slightly  higher  than  that  given  by  radishes,  although  the 
acceleration  is  not  so  great  as  that  shown  in  the  growth  of 
radish  tops  over  roots.     There  are,  however,  no  instances  in 


2fi  HATCH   EXPERIMENT   STATION.  [Jan. 

the  lettuce  treatment  where  the  normal  plants  have  excelled 
in  growth  the  treated  ones,  although  in  No.  21  there  is  a 
difference  of  onlj  3  per  cent,  between  normal  and  treated. 

Conclusions. 

The  foregoing  experiments  with  lettuce  and  radish  plants 
show,  in  all  instances  except  tAvo,  a  total  gain  by  tlie  use  of 
electrical  stinmli.  Those  experiments  where  an  attemi)t  was 
made  to  maintain  a  strength  of  current  within  narrow  limits 
showed  the  best  results  from  treatment.  Could  an  abso- 
lutely definite  strength  of  current  be  utilized  throughout 
the  period  of  duration  mucli  closer  results  could  be  obtained, 
and  the  optinuun  current  be  more  closely  determined.  Such 
an  arrangement  suggested  itself  to  us  quite  early  in  our  work, 
but  the  necessary  equipment  was  not  at  hand.  Since  the 
variations  in  current  strengtli  depend  largely  upon  the  varia- 
tions in  soil  moisture,  tolerably  constant  currents  might  be 
obtained  by  regulating  the  water  supply  ;  but  some  auto- 
matic resistance  appliance  woidd  undoubtedly  constitute  the 
best  mechanism  for  getting  absolutely  constant  currents. 
The  effect  which  electricity  has  in  accelerating  the  growth 
of  plants  and  on  the  germination  of  seeds  is  positive  ;  and 
in  hundreds  of  experiments,  conducted  in  a  different  manner, 
we  have  seldom  obtained  any  negative  results.  We  Jiave, 
moreover,  conclusively  shown  from  our  experiments  that  the 
alternating  current  is  much  superior  to  the  direct  as  a  stinui- 
lator ;  therefore  the  alternating-current  experiments,  Nos.  3 
and  8,  given  in  this  series,  should  by  no  means  be  considered 
as  typical,  as  we  have  apparently  failed  to  get  the  optimum 
strength  in  these  cases. 

The  question  naturally  arises,  in  w^hat  manner  does  elec- 
tricity stimulate  plants  ;  or,  in  other  words,  how  are  acceler- 
ated groAvth  and  accelerated  germination  to  be  explained  ? 
There  are  numerous  agencies  which  act  as  stimuli  to  seeds 
and  plants  about  which  little  is  known  in  regard  to  hoAV 
they  stinuilate  the  plant.  There  are,  to  be  sure,  man}'^  theo- 
ries advanced  for  the  jmrposc  of  explaining  the  response  of 
plants  to  various  sthnuli. 

We  know  perhaps  as  nmch  about  the  rationale  of  electrical 
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action  on  plants  as  we  do  about  the  eifects  of  light  in  produc- 
ing hcliotropic  bendings,  or  of  gravit}^  in  producing  gcotro[)ic 
bendings.  Some  of  the  various  theories  pertaining  to  elec- 
trical action,  however,  possess  interest  and  are  worthy  of 
citation.  Frecke  held  the  idea  that  electricity  was  the  great 
moving  force  of  animate  creation,  and  identical  with  nervous 
influence.  ]\hirat  was  ol' the  opinion  that  electricity  exerted 
a  marked  influence  on  the  fertility  of  the  soil,  and  similar 
ideas  have  been  advanced  by  others  in  more  recent  times. 
Fichtner  and  Sohne  claimed  to  have  found  that  electricity 
rendered  soluble  the  constituents  of  the  soil ;  and  the  same 
opinion  was  advanced  by  Tsehinkel,  who  believed  that  accel- 
eration and  growth  were  brought  about  by  the  action  of  elec- 
tricity upon  the  salts  and  other  constituents  of  the  soil. 
Jodro  attached  a  double  function  to  the  action  of  the  soil 
current :  first,  it  acts  chemically  on  soil,  in  dissolving  those 
constituents  necessary  for  plant  nourishment;  and  second 
it  acts  mechanically,  in  setting  the  particles  of  the  soil  into 
a  state  of  molecular  vibration,  thus  loosening  the  earth. 
These  views  relating  to  the  decomposition  of  the  certain 
salts  in  the  earth  by  passing  a  current  of  electricity  through 
it  have  not  been  confirmed  by  Wollny.  He  made  a  series 
of  careful  analyses  of  soil,  electrically  treated  and  untreated, 
and  found  absolutely  no  difference,  which  could  be  attributed 
to  the  effects  of  electricity,  in  the  percentages  of  potassium, 
ammonia,  phosphoric  acid,  potassium  nitrate  and  carbonic 
acid  gas.  The  action  of  electricity  upon  oxygen,  as  is  well 
known,  gives  rise  to  ozone  ;  and  some  botanists  have  be- 
lieved that  the  production  of  ozone  in  the  seed  b}^  electric 
currents  is  the  prime  factor  in  accelerating  germination  and 
growth. 

Most  of  these  theories  are  very  fanciful,  and  all  inade- 
quately explain  the  stimulating  effect  of  electricity  upon 
plants,  nor  is  there  any  reason  to  believe  that  this  phenom- 
enon can  be  explained  by  simple  mechanical  theories.  There 
may  exist  a  fundamental  basis  for  the  theory  that  electricity 
is  capable  of  decomposing  certain  constituents  of  the  soil  and 
rendering  them  more  available,  but  in  all  probability  the 
strength  of  current  which  is  capable  of  advantageously  stim- 
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ulating  plants  would  })roduce  little  effect  on  the  >soil ;  at  anj 
rate,  it  would  produce  little  effect  during  the  short  space  of 
time  it  requires  to  mature  most  crops.  Moreover,  when  it 
is  considered  that  moist  seeds  and  seedlings  respond  to  elec- 
trical stimuli  in  quite  a  remarkable  manner  when  sown  and 
allowed  to  develop  on  moist  filter-paper  cloth  or  in  })or()US 
clay  dishes,  etc.,  the  complicated  soil  theory  of  electrical 
action  falls  to  the  ground. 

Electricity  affects  the  proto})lasni  of  the  plant,  and  it  is 
to  the  effect  on  the  protoplasm  that  we  must  look  for  the 
solution  of  the  problem,  and  not  to  its  influence  on  the  soil. 
This  can  be  seen  in  plants  that  show  proto})lasm  movements, 
such  as  Chara,  etc.  It  has  long  been  known  that  weak 
currents  stimulate  protoi)lasm,  and  induce  an  accelerated 
movement ;  whereas  strong  currents  retard  or  stop  such 
movements,  or,  if  too  strong,  they  kill  the  protoplasm. 

Current  electricity  likewise  induces  bendings  in  the  roots 
(galvanotropism)  when  grown  in  water  between  electrodes. 
In  such  cases  weak  currents  produce  negative  bendings,  — 
that  is,  towards  the  cathode  ;  while  strong  currents  produce 
positive  bendings,  —  towards  the  anode.  Similar  effects  are 
seen  in  the  movements  exhibited  by  many  microscopic  ani- 
mals, such  as  paramoecia  and  other  protozoa. 

Plants  respond  to  light,  gravity,  moisture,  etc.,  in  a  posi- 
tive and  negative  manner ;  and  it  is  also  known  that  a 
negative  electrotropic  irritability  exists  in  certain  plants 
(Phj^comyces  in  this  case),  or  a  sensitiveness  to  Hertz  waves 
which  induces  negative  bendings.  The  plant  organism, 
whether  in  the  embryonic  or  adult  stage,  responds  in  a  posi- 
tive and  negative  manner  to  various  cosmic  forces  which  act 
as  stimuli.  There  is  a  positive  geotropism  which  induces 
roots  to  grow  downwards,  and  a  negative  geotropism  which 
induces  shoots  to  grow  upwards.  The  force  which  accom- 
plishes this  is  termed  gravity.  Our  comprehension  of  grav- 
ity, how^ever,  is  scarcely  more  intelligible  than  that  of 
electricity,  and  for  all  we  know  they  may  be  the  same  or 
similar  manifestations  of  force.  The  results  of  electrical 
stinmlation  to  plants  are  quite  similar  in  their  effects  to 
those  exhibited  by  other  forms  of  stinmli. 
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There  is  a  minimum,  ()i)timiiiu  and  maximum  current 
which  gives  rise  to  reactions  similar  to  tliosc  obtained  from 
other  forms  of  stinudi.  There  is  also  a  well-defined  latent 
period,  such  as  Ave  iiiid  associatc^d  with  heliotropie  and  ge.o- 
tropic  stimuli,  etc.  Moreover,  there  exists  a  definite  relation- 
ship between  current  intensity  and  perception,  or  reaction 
of  the  organism,  as  in  chemotactic  stinmlation. 

It  was  observed  b}^  early  experimenters  that  there  existed 
a  difference  in  the  growth  of  plants  when  subjected  to  what  is 
termed  positive  and  negative  charges.  Our  limited  experi- 
ments in  this  respect  have  shown  that  when  seeds  were  treated 
with  a  positive  charge  the  growth  of  the  roots  was  greatly 
accelerated,  while  the  stems  were  much  less  so  ;  and  con- 
versely, when  treated  with  a  negative  charge,  the  stem 
showed  a  greater  accelerated  growth  than  the  roots.  Ger- 
,  mination  —  that  is,  radical  development  —  was  greatly  accel- 
erated when  seeds  were  charged  positively,  although  Avhen 
charged  with  a  neo^ative  charge  o-ermination  at  first  was  nmcli 
less  accelerated  than  in  untreated  seed.  Thus  we  have  a 
positive  charge  stimulating  organs  which  react  in  a  positive 
manner,  and  a  negative  charge  stimulating  organs  which 
react  in  a  negative  manner ;  also  the  effect  of  a  positive 
charge  acting  as  a  slight  stimulus  or  retarding  organs  which 
act  in  a  negative  manner,  and  the  negative  only  slightly  stim- 
ulating or  retarding  positive  reacting  organs. 

It  would  also  appear  as  if  positive  charges  had  a  tendency 
to  produce  attenuated  or  elongated  root  development.  In 
regard  to  this  point,  it  would  be  interesting  to  ascertain 
whether  positive  charges  increase  geotropic  irritability.  One 
of  the  recent  conceptions  of  solutions  is  that  they  contain 
ions  which  are  atoms  or  groups  of  atoms  ]K)sitively  or  nega- 
tively charged.  It  has  been  observed  that  solutions  with  a 
predominant  positive  charge,  such  as  acids,  and  those  with  a 
predominant  negative  charge,  bases  and  salts,  have  a  certain 
definite  effect  upon  protoplasm  which  is  identical  with  those 
produced  by  positive  and  negative  electrical  stimulation. 
There  is  also  reason  to  believe  that  protoplasm  consists  of 
particles  which  are  charged  positively  and  negatively.  It  is 
possible  that  in  the  protoplasm  of  roots  and  stems  (hypoco- 
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tyls,  as  well)  of  plants  there  exist  opposite  predominant 
charges,  —  the  root  carrying  predominant  negative  charges, 
the  stem  predominant  positive  charges.  When  roots  are 
stimulated  with  positive  charges,  acceleration  results ;  and 
when  stimulated  with  negative  charges,  acceleration  is  less 
marked.  In  other  words,  stimulation  may  arise  by  chang- 
ing the  predominant  charge  of  the  organ,  and  those  organs 
respond  most  favorably  to  electrical  stimuli  in  which  oppo- 
site charges  predominate.  In  subjecting  roots  to  a  positive 
charge,  the  predominant  negative  charges  are  overpowered 
or  neutralized  by  the  charges,  and  stinmlation  results  ;  like- 
wise, in  subjecting  stems  to  negative  charges,  the  predomi- 
nant positive  charges  are  overpowered  or  neutralized  by  the 
negative  charges,  and  stimulation  likewise  results  ;  but  rein- 
forcing predominant  positive  or  negative  charges  by  electrical 
stimulation  causes  only  a  slight  stimulus  or  retardation. 

From  these  exi)eriments  it  w^ould  appear  that  direct  cur- 
rents appear  to  stinmlate  most  organs  which  possess  predomi- 
nant positive  charges  (radish  tops) ,  while  interrupted  induced 
currents  appear  to  stimulate  most  organs  Avhich  possess  pre^ 
dominant  negative  charges.  There  is  knoAvn  to  exist  a  dif- 
ference between  the  "make"  and  "break."  In  the  latter 
current,  which  is  capable  of  giving  rise  to  a  modified  physio- 
logical reaction,  the  effects  of  the  opening  are  always  more 
marked.  The  effects  of  the  direct  current  noted  above  are 
not  so  readily  accounted  for  on  the  basis  of  this  theory. 

These  experiments  have  suggested  other  lines  of  investi- 
gation, and  a  further  report  will  be  made  concerning  them. 
It  is  possible  that  prolonged  stimuhition  gives  rise  to  differ- 
ent effects  than  brief  stimuli.  In  prolonged  stimulation  with 
direct  currents  the  positive  electrode  may  have  a  toxic  effect, 
causing  inhibition,  as  is  the  case  with  solutions  with  positive 
ions.  Physiologists  have  noted  that  the  negative  stinuilates 
where  the  positive  current  prevents  stimulation,  although 
such  does  not  hold  in  the  case  of  plants,  at  least  when  charges 
of  a  brief  duration  are  employed. 
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THE    INFLUENCE    OF    THE    ATMOSPHERICAL 
ELECTRICAL   POTENTIAL   ON   PLANTS. 


BY    N.    F.    MONAHAN. 


While  electrical  currents  have  such  an  important  influence 
upon  the  growth  and  development  of  plants,  as  shown  in  the 
preceding  pages,  so  also  does  the  electrical  potential  of  the 
atmosphere  have  an  appreciable  influence  upon  plant  life. 
The  atmosphere  is  always  charged  to  a  higher  or  lower  elec- 
trical potential,  either  positive  or  negative.  This  has  been 
clearly  shown  by  experiments  conducted  by  the  Weather 
Bureau,  United  States  Department  of  Agriculture,  by  Alex- 
ander McAdie  of  the  Blue  Hill  Observatory,  and  by  A.  C. 
Monahan  of  this  station.  The  conditions  o-overnino:  the 
amount  of  electrical  potential  of  the  air  are  not  clearly 
understood,  but  Monahan  found,  in  a  series  of  experi- 
ments extending  over  nearly  a  year's  time,  that  the  air  was 
charged  positively  about  90  per  cent,  of  the  whole  time  at  a 
height  of  30  feet  from  the  ground.  It  is  enough  for  us  to 
know,  however,  that  the  air  is  always  charged  to  a  higher  or 
loAver  potential.  It  is  the  purpose  of  this  paper  to  show  in 
a  brief  way  some  of  the  results  of  preliminary  experiments 
on  the  eftects  of  atmospherical  electrical  potential  on  germi- 
nation, and  the  growth  and  development  of  plants.  Fuller 
accounts  will  be  published  later. 

Methods  of  Expeeiments  and  Apparatus  used. 
In  all  our  experiments  we  have  kei)t  careful  records  of  the 
exact  electrical  potential.  These  records  were  made  by  the 
use  of  a  quadrant  electrometer,  designed  by  Sir  William 
Thomson  for  observations  in  atmospherical  electricity,  and 
built  by  Eliot  Bios,  of  London.     In  brief,  the  instrument 
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consists  of  a  delicate  quadrant  galvanometer  and  a  self- 
registering  ap})aratus.  A  full  descrii)tion  of  this  instrument 
ma}'  be  found  in  the  twenty-eighth  annual  report  of  the  Mas- 
sachusetts Agricultural  College,  for  1(S91. 

We  used  a  large  glass  case,  with  a  wooden  frame,  4  feet 
3  inches  long,  2  feet  9  inches  wide,  and  2  feet  11  inches 
high,  with  a  detachable  door  in  the  middle  of  one  side,  from 
which  every  part  of  the  case  Avas  accessible.  The  door  was 
made  to  fit  tightly  by  a  band  of  rubber  around  the  edge,  and 
was  securely  held  in  place  by  levers.  When  closed,  the 
case  was  practically  air  tight,  and  was  insulated  from  the 
stand  by  glass  and  rubber  insulation.  In  one  corner  of 
the  case  a  small  Avater-dripping  api)aratus  was  placed.  This 
apparatus  consisted  of  a  light  eight-quart  copper  tank,  with 
a  projecting  pipe  which  ended  in  a  fine  orifice  ;  the  Avater 
passing  through  the  pipe  immediately  broke  into  drops,  and 
Avas  caught  in  a  glass  dish  beloAV.  An  insulated  Avire  con- 
nected the  case  Avith  the  electrometer  near  by.  A  short 
time  after  the  dripping  started  the  tank  Avas  found  to  be 
electrified,  presumably  to  the  same  potential  as  the  air  at 
the  i)oint  of  the  projecting  tube.  The  potential  Avas  im- 
parted through  the  conductors  to  the  electrometer,  and  a 
deflection  of  the  needle  ensued. 

In  the  case  Avas  also  placed  a  self-recording  hygrometer 
(Richard  Bros.,  Paris)  and  a  self-registering  thermometer. 
The  case  Avas  charged  in  some  instances  through  a  Avire  at 
one  end  leading  from  a  IToltz  influence  machine.  Inune- 
diatel}'  after  charging,  the  Avire  Avas  withdrawn  from  the 
case,  and  the  hole  through  Avhich  it  Avas  inserted  Avas  tightly 
plugged.  At  other  times  the  case  Avas  charged  from  a  Le}^- 
den  jar  through  the  same  Avire.  This  seemed  necessary  in 
order  to  get  tJie  retjuii-ed  small  potential.  The  air  in  the 
case  Avould  hold  a  })art  of  its  charge  for  about  three  hours; 
at  the  end  of  that  time  Ave  could  find  no  trace  of  auA"  elec- 
trical potential.  The  growth  of  the  i)lants  Avas  measured 
in  some  instances  by  a  modified  Pfeft'er-Baranetzky  self- 
registering  auxometer,  and  in  other  cases  by  the  use  of  a 
horizontal  microscope  Avitli  a  micrometi'r  scale  attachment. 


1904.] 


PUBLIC   DOCUMENT  — No.  33. 


33 


Effect  on  Germinating  Seeds. 
Two  lots  of  one  hundred  seeds  of  each  kind  Avere  taken. 
These  seeds  were  placed  in  porous  clay  dishes  and  soaked 
for  six  hours.  The  first  lot  was  placed  in  Case  1,  and  sub- 
jected to  an  electrical  charge  every  eight  hours,  induced 
into  the  air  of  the  case  from  the  Holtz  machine.  The  sec- 
ond lot  was  placed  in  Case  2,  —  a  small  glass  case,  where  no 
electrical  charge  was  allowed.  In  all  instances  the  clay 
dishes  were  set  in  basins  of  water,  so  that  the  seeds  were 
moist  at  all  times.  The  conditions  of  the  temperature  and 
moisture  were  practically  the  same,  the  former  varying  from 
18°  to  20°  C,  the  latter  from  76  to  85  per  cent.  Both 
cases  were  closed,  and  under  similar  conditions. 

Table  1.  —  Shoiving  Effect  of  a  Positive   Charge  upon   Ocrminating 

Seeds. 

[N,  normal;  C,  charged.] 


Kind  of  Seed. 


Total  Number  of  Seeds 
germinated  in  — 


24 

Hours. 


48  7a  96  120 

Hours.  Hours.  Hours.  Hours. 


White  clover, |  q' 

Onion, |  ^' 

Onion !  q' 

(  n' 
Lettuce, .       •  J  c' 

(  n' 

Red  clover !  q' 

Total  per  cent,  acceleration  In  charged  seeds. 


55.4 


23.1 


17.11 


Table  2.  —  Showing  Effect  of  a  Positive  Charge  upon  Seeds  that  have 

lost  Vitality. 


Kind  of  Seed. 


Musk  melon,    . 
Onion  (Red  Globe), 
Onion  (Belden),     . 


Total  Number  of  Seeds 
germinated  in — 


24  48 

Hours.  Hours. 


72  96 

Hours.  Hours. 


ISO 

Hours 
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Table  2  shows  that  atmospheric  electricity  does  not  in- 
crease the  total  number  of  seeds  germinated  over  the  total 
germination  of  those  not  charged,  and  that  it  does  not  bring 
to  life  seeds  that  have  lost  their  vitality.  Seed  of  a  very 
low  per  cent,  of  germination  were  used. 

The  results  obtained  from  these  experiments  confirmed  the 
work  done  in  1896  at  this  station  by  Asa  S.  Kinney,  on 
"  Electro-Germination."  1  Kinney  found  that:  first,  elec- 
tricity exerts  an  appreciable  influence  upon  the  germination 
of  seeds  ;  second,  the  application  of  certain  strengths  of 
current  to  seeds  for  a  short  period  of  time  accelerates  the 
processes  of  germination  ;  third,  the  application  of  electrical 
currents  to  seeds  does  not  increase  the  total  percentage  of 
germination.  This  latter  result  shows  a  direct  opposition 
to  the  results  obtained  by  Paulin.  Paulin  claimed  that  the 
application  of  electrical  currents  awakened  to  life  seeds  which 
had  apparently  lost  vitality,  and  gave  an  increased  pcrcent- 
ao-e  of  termination  in  all  seeds  thus  stimulated. 

o  o 

Effects  on  Plant  Growth. 
In  some  of  our  experiments  three  young  tomato  plants 
were  placed  in  the  large  glass  case  and  allowed  to  stand  for 
eight  hours.  This  was  done  in  order  that  the  plants  might 
become  accustomed  to  the  changed  conditions  and  to  their 
ncAV  environment  before  being  experimented  upon.  In  these 
experiments  the  air  in  the  case  was  charged  every  eight 
hours  (at  7  a.m.,  3  p.m.  and  11  p.m.)  to  a  potential  of  from 
100  to  2,000  volts,  as  recorded  by  the  electrometer  and  the 
growth  of  the  plants  recorded  by  the  Pfeffer-Baranetzky  self- 
registering  apparatus .  This  method  of  measuring  the  gro^^i:h 
proved  unsatisfactory  and  was  soon  abandoned,  and  the  fol- 
lowing method,  which  proved  more  satisfactory,  was  tried. 
One  plant  at  a  time  was  placed  in  the  case  and  allowed  to 
stand  for  a  few  hours,  as  above  ;  the  plant  was  then  set  up 
near  the  glass  on  one  side  of  the  case,  and  the  growth  meas- 
ured by  means  of  a  horizontal  microscope  with  a  micrometer 
scale  attachment,  the  microscope  being  placed  on  the  outside 
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of  the  case  and  focused  upon  the  apex  of  the  plant,  measure- 
ments being  taken  every  fifteen  minutes. 

The  following  figure  shows  the  results  of  one  experiment. 
A  small  tomato  plant  about  four  inches  high  was  placed  in 
the  case,  and  treated  as  before  described.     Measurements  of 


,/L. 


.^ 


^:: 


Fig.  1.  —  Growth  curve  of  tomato  plant.  The  horizontal  divisions  represent  periods 
of  fifteen  minutes  in  time;  the  vertical  divisions  represent  degrees  of  temperature, 
also  humidity,  electrical  potential  and  increments  of  growth.  T,  temperature ;  H, 
humidity;  P,  electi'ical  potential ;  G,  growth. 

growth  were  recorded  every  fifteen  minutes,  from  10.15  a.m. 
to  5  P.M.  From  10.15  until  11.30  there  was  no  perceptible 
growth.  At  10.30  the  air  in  which  the  plant  was  growing 
was  charged  to  a  potential  of  70  volts.  Half  an  hour  later, 
at  12  o'clock,  the  plant  had  grown  two  spaces  on  the  microm- 
eter scale;  and  at  12.15  had  grown  two  more  spaces;  and 
so  on  until  2.15,  when  no  growth  was  recorded.  At  2.45 
the  air  in  the  case  was  recharged  to  80  volts,  and  a  greatly 
increased  growth  resulted,  the  maximum  acceleration  taking 
place  at  1.15  and  4  o'clock  respectively,  as  a  result  of  the  two 
stimuli. 

This  is  but  one  of  many  similar  figures  showing  the  results 
of  our  experiments,  tomato  plants,  corn  cotyledons  and  bread 
moulds  {mucor  and  Phycomyces  miens)  being  used.     In  all 
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of  these  experiments  the  latent  period  varied  from  fifteen  to 
thirty  minutes. 

In  several  of  the  experiments  Avhere  the  conditions  of  tem- 
perature and  moisture  were  practically  the  same,  and  a  large 
potential  was  employed,  a  serious  retardation  was  shown, 
and  in  some  instances  death  ensued  ;  in  other  cases,  where  a 
very  small  potential  was  employed,  no  appreciable  accelera- 
tion was  shown. 

From  these  facts  we  are  led  to  believe  that  there  is  a  max- 
imum, optimum  and  minimum  voltage  ;  and,  from  the  fact 
that  different  potentials  were  required  to  stimulate  the  grow^th 
of  plants  of  difierent  species, — and,  in  fact,  of  plants  of  the 
same  variety  and  apparently  of  the  same  size,  — it  is  evident 
that  the  maximum,  optimum  and  minimum  potentials  vary 
with  different  varieties  and  species  of  plants,  and  also  with 
plants  of  the  same  variety,  depending  upon  the  size,  structural 
ditferentiation,  development,  etc.,  of  the  individual  plant. 

SUIMMARY. 

1.  Atmospheric  ele.ctricity  exerts  an  appreciable  influence 
upon  the  germination  of  seeds. 

{(/)  It  accelerates  the  processes  of  germination.  (In  the 
experiments  tried,  those  seeds  charged  with  electricity  show 
an  acceleration  in  germination  of  55.4  per  cent,  in  fort3'-eight 
hours,  23.1  per  cent,  in  seventy-two  hours,  and  17.11  per 
cent,  in  ninety-six  hours.) 

(i)  It  does  not  increase,  to  an  appreciable  extent,  the 
total  germination  of  charged  seeds  over  the  normal. 

(c)  It  does  not  awaken  to  life  seeds  which  have  lost 
vitality. 

2.  Atmospheric  electricity  has  an  appreciable   influence, 
upon  the  growth  of  plants. 

(a)  From  the  results  of  these  experiments  we  are  led  to 
believe  that  there  is  a  maximum,  optimum  and  minimum 
potential,  but  these  have  not  yet  been  accurately  determined. 

{b)  That  the  maximum,  optimum  and  minimum  voltages 
vary  not  only  with  the  diflerent  varieties  or  species  of  plants, 
but  with  diff*erent  individuals  of  the  same  varieties,  and 
S})ecies  depending  largely  upon  the  size,  structural  difleren- 
tiation  and  degree  of  development  of  the  plant. 
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Part  I.  —  Outline  of  Year's  Work. 


J.    B.    LINDSEY. 


A.       CORKESPONDENCE. 

The  correspondence  of  this  department  has  considerably 
increased  over  previous  years,  due  to  the  execution  of  the 
new  feed  law.  The  general  character  of  the  information 
desired  has  been  much  the  same  as  heretofore.  The  total 
number  of  letters  sent  out  during  the  year  has  been  about 
3,000. 

B.     Extent  of  Chemical  Work. 

The  work  in  the  laboratory  has  been  of  the  same  general 
character  as  formerly.  The  number  of  determinations  of 
butter  fat  in  cream  has  considerably  increased. 

There  have  been  sent  in  for  examination  132  samples  of 
water,  229  of  milk,  1,7(36  of  cream,  8  of  pure  and  process 
butter  and  170  of  feed  stuffs.  In  connection  with  experi- 
ments by  this  and  other  divisions  of  the  station,  there  have 
been  analyzed,  in  whole  or  in  part,  235  samples  of  milk  and 
585  of  fodders  and  feed  stuffs.  There  have  also  been  col- 
lected and  tested  under  the  provision  of  the  feed  law  772 
samples  of  concentrated  feed  stuffs.  This  makes  a  total  of 
3,897  substances  analyzed  during  the  year,  as  against  3,240 
last  year  and  3,622  in  the  previous  year.  Work  on  mois- 
ture, fiber  and  fat,  and  on  the  availability  of  organic  nitrogen, 
not  included  in  the  above,  has  been  done  for  the  Association 
of  Official  Agricultural  Chemists,  and  required  considerable 
time  for  its  proper  execution.  In  addition,  17  candidates 
have  been  examined  and  given  certificates  to  operate  Babcock 
machines,  and  2,240  pieces  of  glassware  have  been  tested 
for  accuracy,  of  which  57  pieces,  or  2.54  per  cent.,  were 
condemned. 
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C.     Character  of  Chemical  Work. 
{a)     Water. 

In  accordance  with  instructions  from  tlie  experiment  sta- 
tion committee,  a  charge  of  tliree  dollars  has  been  made  for 
each  sample  of  water  examined  by  this  department  during 
the  past  year.  The  reasons  for  this  charge  were  explained 
in  a  small  circular  sent  to  each  applicant,  a  copy  of  which 
was  printed  in  the  last  report,  page  50.  Most  applicants 
have  cheerfully  paid  the  fee,  while  others  have  refused  to 
send  the  sample  for  examination  because  of  the  charge.  The 
number  of  samples  examined  has  been  132,  considerably  less 
than  former!}^ ;  but  it  is  believed  that  the  charge  has  resulted 
in  holding  in  check  those  who  have  heretofore  sent  from  4 
to  20  samples  annually,  as  well  as  those  who  have  sent  largely 
out  of  curiosity,  because  an  analysis  could  be  had  free  of  cost. 

Instructions  for  securing  an  analysis  of  water  :  — 

Those  wishing  to  secure  a  sanitary  analysis  of  water  must  first 
apply,  whereupon  a  glass  bottle  securely  encased,  accompanied 
by  full  instructions  for  collecting  and  shipping  the  sample,  will 
be  forwarded  by  express.  The  return  expressage  must  in  all  cases 
be  prepaid.  Because  of  the  smallness  of  the  sum  involved,  no 
account  will  be  opened.  Remittance  by  check,  P.  0.  money 
order,  or  money  at  the  owner's  risk,  must  be  strictly  in  advance. 

Application  may  be  made  and  money  sent  to 

Dr.  J.  B.  LiNDSEY, 

Hatch  Experiment  Station. 

(b)  Dairy  Products  and  Feed  Stuffs. 
The  number  of  samples  of  milk  and  cream  sent  largely 
for  the  purpose  of  determining  their  butter  fat  content  is 
increasing  from  year  to  year.  The  increase  in  the  number 
of  cream  samples  comes  largely  from  creameries,  w^hile  the 
milk  comes  from  farmers  desirous  of  ascertaining  the  quality 
produced  by  the  several  animals  in  the  herd.  This  latter  is 
a  very  satisfactory  sign,  and  should  meet  with  every  encour- 
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agement.  Printed  circulars  are  sent  in  answer  to  inquiries, 
giving  concise  information  concerning  the  quality  of  the  milk 
produced  by  different  breeds,  as  well  as  full  instructions 
relative  to  the  best  methods  to  be  employed  in  determining 
the  butter-producing  capacity  of  dairy  herds.  Compara- 
tively little  analysis  has  been  done  for  the  Dahy  Bureau, 
because  of  the  pressure  of  other  lines  of  work. 

The  number  of  feed  stuffs  sent  for  examination  was  about 
the  same  as  usual.  They  are  examined  at  once,  and  the  re- 
sults forwarded  promptly,  with  such  suggestions  as  circum- 
stances may  advise.  Numerous  samples  are  received  from 
dealers,  who  avail  themselves  of  the  station  facilities  to  make 
sure  the  materials  they  are  offering  are  as  claimed. 

(c)  '    Chemical  Investigation. 

So  far  as  time  and  facilities  permit,  this  department  con- 
tinues its  work  of  investigating  the  various  problems  con- 
nected with  the  chemistry  of  dairying  and  animal  nutrition. 
A  good  deal  of  attention  has  been  given  to  the  composition 
and  digestibility  of  feed  stuffs,  as  well  as  to  the  effect  of 
feeds  and  feed  combinations  upon  the  quantity  and  quality 
of  milk.  A  study  of  methods  of  analyses  has  been  referred 
to  elsewhere. 

D.     Cattle  Feed  Inspection. 

In  October  and  November,  1902,  quite  a  thorough  canvass 
of  the  State  was  made,  some  320  samples  of  feeds  collected, 
examined,  and  the  results  published  in  Bulletin  No.  85. 
Because  of  the  limited  funds  available,  a  few  samples  only 
—  principally  of  cotton-seed  meal  —  were  collected  in  the 
late  winter.  The  Legislature  at  its  session  of  1903  passed 
a  new  feed  law  (chapter  122,  Acts  of  1903)  ;  the  full  text 
of  this  law  may  be  found  in  Bulletin  No.  93,  recently  issued  by 
this  department.    A  brief  synopsis  of  the  law  is  as  follows  :  — 

Section  1  defines  statements  to  be  attached  to  all  packages 
of  feed  stuffs. 

Section  2  specifies  feed  stuffs  included  in  the  law. 

Section  3  defines  feed  stuffs  exempt  from  the  law^ 

Section  4  states  the  penalty  for  violations  of  })revious 
sections. 
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Section  5  mentions  duties  of  director  or  deputy  with 
reference  to  collecting  and  analyzing  samples,  and  states 
penalty  for  interference. 

Section  G  declares  against  the  adulteration  of  whole  or 
ground  grain  or  stiindard  by-products,  and  fixes  penalty. 

Section  7  requires  the  director  to  prosecute  violations  of 
the  act. 

Sections  8,  9  and  10  define  the  term  importer,  state  the 
sum  to  be'  allowed  for  carrying  out  the  provisions  of  the 
act,  etc. 

It  is  believed  that  the  law  will  prove  of  great  benefit  to 
farmers,  and  they  are  to  be  congratulated  upon  its  enact- 
ment. Similar  laAvs  are  now  in  force  in  all  of  the  other 
New  England  States,  as  well  as  in  New  York,  New  Jersey, 
Pennsylvania,  Maryland,  North  Carolina  and  Wisconsin. 

The  new  feed  law  went  into  effect  July  1.  Mr.  Albert 
Parsons  was  appointed  inspector,  and  has  made  a  thorough 
canvass  of  the  State,  collecting  some  700  samples.  It  is 
proposed  to  keep  the  inspector  at  work  in  different  sections 
of  the  State  a  considerable  portion  of  the  year ;  in  this  way 
the  station  can  be  kept  thoroughly  informed  concerning  the 
character  of  the  feeds  offered.  As  would  naturally  be  sup- 
posed, many  feeds  were  found  unmarked  and  without  a 
guaranty,  and  it  will  require  some  time  and  considerable 
patience  to  bring  about  a  complete  conformity  to  the  law. 
On  the  whole,  it  may  be  said  that  dealers  appear  ready  and 
willing  to  conform  to  its  requirements,  and  are  constantly 
addressing  letters  of  inquiry  to  the  station  concerning  the 
character  and  value  of  the  manifold  feeds  offered  by  manu- 
facturers and  jobbers.  The  station  stands  ready  to  co-operate 
with  consumer,  local  dealer,  jobber  and  manufacturer,  to  the 
end  that  all  may  be  benefited. 

The  details  of  this  inspection  will  be  found  in  Bulletin 

No.  93. 

E.     Execution  of  the  Dairy  Laav. 

This  department  issued  a  special  bulletin  on  the  subject  in 
July  of  the  present  year,  entitled  ' '  The  Dairy  Law  and  its 
Results."  The  bulletin  gave  the  text  of  the  law,  an  account 
of  the  inspection  of  glassware,   of  the  inspection  of  Bab- 
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cock  machines,  very  full  information  concerning  the  method 
of  manipulating  the  Babcock  milk  test,  together  with  as 
complete  a  list  as  possible  of  the  creameries  and  milk  depots 
in  Massachusetts.  This  bulletin  was  sent  in  lots  of  from  10 
to  100  to  all  milk  depots  and  creameries  in  the  State. 

Inspection  of  Glass7vare.  —  All  glassware  found  to  be  cor- 
rect is  marked  "  Mass.  Ex.  St.,"  by  means  of  sand  blast. 
During  1902  there  was  examined  2,344  pieces,  of  which  56 
pieces,  or  2.39  per  cent.,  were  found  incorrect.  There  have 
been  examined  the  present  year  (1903)  2,240  pieces,  of 
which  57  pieces,  or  2.54  per  cent.,  were  not  correctly  gradu- 
ated. Manufacturers  are  now  very  careful  concerning  the 
accuracy  of  the  glassware  put  out  by  them. 

Examination  of  Candidates.  —  Mr.  E.  B.  Holland  has  con- 
tinued as  heretofore  to  have  charo;e  of  this  work.  Durino; 
1901,  45  candidates  were  examined  ;  in  1902,  13  candidates; 
and  the  present  year,  17  have  been  given  certificates  of 
competency.  It  is  believed  that  practically  all  parties  now 
operating  Babcock  machines  under  the  law  have  a  good 
understanding  of  the  principles  of  manipulation,  and  are 
capable  of  doing  accurate  work. 

Inspection  of  Babcock  Machines.  —  The  inspection  of 
machines  the  present  year  has  been  in  charge  of  Mr.  Albert 
Parsons,  who  makes  the  following  report  :  — 

The  third  annual  inspection  of  Babcock  machines  was  made  in 
November  and  December,  1903.  Fifty-two  establishments  were 
either  visited  or  heard  from,  37  being  creameries  and  15  milk 
depots.  Twenty-four,  or  half  the  number,  were  co-operative,  18 
were  proprietary,  and  10  were  managed  by  stock  companies. 
Forty  machines  were  inspected.  Of  these,  1  was  condemned  and 
6  needed  slight  repairs.  A  few  overheated  the  tests,  and  a  few 
required  additional  steam  to  warm  them.  All  but  two  of  the 
machines  were  run  by  steam  power,  one  was  run  by  hand  and 
one  by  electricity.  About  three-fourths  of  the  machines  have 
frames  of  cast  iron,  while  the  other  fourth  is  equally  divided 
between  galvanized  iron  and  copper.  Of  the  cast-iron  machines, 
23  are  "Facile,"  and  9  are  "  Agos."  As  a  rule,  the  glassware 
was  found  in  good  condition,  although  in  some  cases  it  was  very 
dirty,  in  a  few  cases  it  was  not  tested,  and  a  few  pieces  bore  the 
mark  of  another  State. 
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F.  Testing  Dairy  Herds. 
During  the  year  this  department  has  tested  cows  at  the 
request  of  the  Jersey,  Guernsey  and  Holstein  cattle  clubs. 
Fifteen  seven-day  tests  and  6  yearly  tests  have  been  com- 
pleted and  38  yearly  tests  are  in  progress.  The  tests  are 
made  under  the  rule  and  regulations  of  the  several  clubs. 
It  requires  at  the  present  time  the  services  of  a  man  during 
two  weeks  in  each  month,  and  in  addition  involves  consider- 
able clerical  work. 

G.     Work  in  Progress  and  completed. 

At  the  present  time,  experiments  arc  in  progress  to  note 
the  value  of  specially  prepared  dried  blood  and  digester 
tankage  for  milk  production.  It  is  believed  that  material 
of  this  kind  will  be  used  considerably  in  the  near  future  as  a 
source  of  protein  for  farm  animals.  Other  experiments  now 
in  operation  are  :  (a)  to  test  the  efficacy  of  a  well-known 
condimental  or  medicated  food,  for  which  extravagant  claims 
are  made  ;  (6)  digestion  experiments  on  a  variety  of  coarse 
and  concentrated  feeds. 

Experiments  were  also  continued  with  summer-forage 
crops ;  but,  owing  to  the  very  unusual  summer  conditions, 
definite  results  were  not  obtained,  and  they  will  be  con- 
tinued. An  experiment  is  about  to  be  undertaken  to  see  if 
it  is  economically  possible  for  the  average  dairy  farmer  to 
get  along  without  the  use  of  wheat  bran,  using  silage  as  a 
diluter  for  the  more  concentrated  by-products.  Experi- 
ments have  been  completed  with  distillers'  by-products,  — 
malt  sprouts,  dried  brewers'  and  distillers'  grains,  — and  the 
results  will  soon  be  published  in  bulletin  form.  These  ex- 
periments emphasize  the  nutritive  and  economical  value  of 
these  several  feeds  as  sources  of  digestible  protein  for  milk 
production. 

H.     Addition  to  Staff. 

Messrs.  W.  E.  Tottingham,  Albert  Parsons  and  Joseph 
G.  Cook  have  been  recently  added  to  the  staff  of  this  de- 
partment. Mr.  Tottingham  serves  as  assistant  chemist, 
taking   the    place  made  vacant   by  T.  M.   Carpenter,  who 
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secured  a  more  lucrative  and  responsible  position  at  the 
Pennsylvania  experiment  station.  jVIr.  Parsons  fills,  in  a 
sense,  a  new  position,  rendered  necessary  by  the  increasing 
work  placed  upon  the  department.  He  is  acting  as  inspector 
of  feed  stufts  under  the  new  feed  law,  as  inspector  of  Bab- 
cock  machines  under  the  dairy  law,  and  as  dairy  herd  tester. 
Mr.  Cook  has  charge  of  the  experiments  in  animal  nutrition 
at  the  feeding  barn.  These  several  young  men  have  taken 
hold  of  the  work  earnestly  and  have  proved  themselves  most 
efficient  and  satisfactory. 
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Pakt  II.  —  Dairy  and  Feeding  Expekiments. 


A.  Effect  of  Feed  on  the  Composition  of  Milk  and 
Butter  Fat,  and  on  the  Consistency  ok  Body  of 
Butter. 


J.    B.    LINDSEY.' 


Experiment  VIII. 

A  general  outline  of  experiments  of  a  similar  character 
will  be  found  in  the  thirteenth  and  fourteenth  reports  of  this 
station . 

Object  of  the  Experiment.  —  During  the  autumn  and  win- 
ter of  1901-02  a  series  of  experiments  was  undertaken,  for 
the  purpose  of  noting,  respectively,  the  effect  of  corn  gluten 
meal  with  a  minimum  percentage  of  oil,  of  gluten  meal  with 
the  addition  of  corn  oil,  and  of  corn  meal,  upon  the  relative 
proportions  of  the  several  ingredients  in  milk  and  butter  fat, 
and  upon  the  body  of  butter. 

Plan  of  the  Experhnent. — Ten  cows  were  divided  into 
two  lots  of  five  each.  Seven  of  the  cows  had  calved  in  the 
late  summer  and  early  autumn,  one  in  the  preceding  April, 
and  two  had  been  in  milk  about  a  year.  The  average  milk 
product  of  each  cow  at  the  beginning  of  the  trial  Avas  about 
21  pounds  daily.  During  the  first  period,  both  herds  re- 
ceived the  so-called  standard  grain  mixture  ;  during  the  three 
subsequent  periods.  Herd  I.  continued  to  receive  the  stand- 
ard grain  ration  as  in  the  first  period  ;  and  in  case  of  Herd 
n.,  a  portion  of  the  standard  ration  was  replaced  hy  gluten 
meal,  by  gluten  meal  and  corn  oil,  and  by  corn  meal, 
respectively. 

1  With  E.  B.  Holland  and  P.  H.  Smith. 
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Table  I.  —  Duration 

of  Experiment. 

Periods. 

Character  of  Rations. 

Dates. 

Length  of 
Periods 
(Weeks). 

1,    .    .} 

s,     .     -i 

Herd  I.,  standard  grain  ration,      ) 
Herd  II.,  standard  grain  ration,    ( 

Herd  I.,  standard  grain  ration,      ) 
Herd  II.,  gluten  meal  ration,    .      ( 

Herd  I.,  standard  grain  ration,      ) 
Herd  II.,  gluten  meal  +  corn  oil,    ) 

Herd  I.,  standard  grain  ration,      ) 
Herd  II.,  corn  meal  ration,       .      i 

Oct.  20  through  Nov.  9,    . 
Nov.  23  through  Dec.  27, 
Jan.  2  through  Feb.  28,    . 
Mar.  16  through  Apr.  19, 

3 
5 

7 
5 

Feeding  and  Care  of  the  Animals.  —  The  animals  were 
fed  twice  daily.  The  corn  oil  was  weighed  out  each  day  and 
carefully  mixed  with  the  grain  ration,  and  was  eaten  without 
any  trouble.  Water  was  supplied  constantly,  by  the  aid  of 
the  Buckley  self-watering  device.  Each  cow  was  kept  in  a 
well-bedded,  roomy  stall,  and  was  turned  into  a  protected 
yard  during  the  warmest  part  of  each  day  when  the  weather 
was  not  actually  stormy  or  severely  cold.  The  feeding  barn 
was  heated  to  a  temperature  of  50-55°  F.  during  the  cold 
weather,  kept  clean  and  well  ventilated.  The  animals  were 
thoroughly  cleaned  daily,  and  before  milking  the  udders 
were  brushed  and  then  wiped  with  a  wet  cloth.  The  milkers 
wore  white  duck  suits. 

DiMurbances  during  the  Experiment.  —  Just  jjcfore  the 
beginning  of  the  second  period,  cow  Folly  of  Herd  H.  Avas 
taken  severely  ill,  and  had  to  be  permanently  removed.  It 
was  thought  best  to  continue  the  experiment  as  planned, 
using  four  cows  in  Herd  II.,  rather  than  to  begin  again.  In 
the  third  period,  Red  II.  of  Herd  II.  suffered  an  attack  of 
indigestion.  For  this  reason,  samples  of  milk  Avere  not 
taken  for  tAvo  weeks,  and  butter  making  Avas  omitted  for  one 
week.  These  interferences  Avill  be  referred  to  again  under 
"Composition  of  the  milk,"  "Composition  of  the  butter 
fat,"  etc. 
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Taule  II.  —  Avcraijc  Dailii  Rdliona  for  Each  Cuto  j^Pcmnds). 
First  pcrioil :  both,  herds,  stiuidard  ration.. 


IIEIUJS. 

standard 
Urain 
nation. 

Chicago 
Gluten 
Meal. 

Corn 
Oil. 

Corn  Meal 
Mixture. 

First  Cut 
Hay. 

Ilowcn. 

JIcr<l    T 

llvnl  11., 

8.6 

8.4 

- 

- 

- 

12.4 

12.8 

10. 1 

10.0 

Second  period :  Herd  I.,  standard  grain  ration ;  Herd  II.,  gluten  meal  ration. 

Ilenl    r 

Herd  II., 

7.9 
5. .3 

2.7 

- 

- 

11.1 
11.5 

10.0 
10.0 

Third  period :  Herd  I.,  standard  grain  ration  ;  Herd  11. ,  gluten  meal  and  corn 

oil  ration. 

Herd    I., 
Herd  II., 

7.i) 
4.7 

2.1 

.« 

- 

10.9 
9.2 

9.9 

9.8 

Fourth  period:  Herd  I.,  standard  grain  ratioii;  Herd  II.,  corn  meal  mixture. 

Herd   I 

Herd  II., 

7.2 

- 

- 

7 

10.9 
10.  r> 

10.0 
10.0 

Character  of  (he  llatioiu  and  Feeds.  —  The  standard 
grain  mixture  consisted  of  3  pounds  of  wheat  bran,  5  pounds 
of  jjround  oats  and  |  pound  each  of  cotton-seed  and  gluten 
meals.  It  is  not  to  be  inferred  that  this  so-called  standard 
ration  is  sui)erior  to  all  other  rations,  but  simply  that  it  was 
thought  to  be  a  safe  and  desirable  ration,  and  likely  to  })ro- 
duce  normal  milk  and  butter. 

The  corn  meal  mixture  was  similar  to  the  standard  irrain 
ration,  excepting  that  the  5  pounds  of  ground  oats  were 
replaced  by  an  ccjual  amount  of  corn  meal.  It  is  to  be 
understood  that  the  figures  given  in  Table  JI.  rei)resent  the 
average  feed  consumed  daily  by  each  cow  in  each  herd.  For 
example,  theoretically  each  herd  in  the  first  period  was  to 
consume  an  equal  amount  of  fecid  per  coav,  namely,  8  pounds 
of  grain,  10  pounds  of  rowen  and  12  pounds  of  first  cut  hay; 
but,  because  of  the  individual  requirements  of  the  several 
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cows,  there  was  a  slight  diiference  in  case  of  the  average 
consumed  by  the  two  herds. 

The  spring  wheat  bran  and  cotton-seed  meal  were  of  good 
average  quality.  The  oats  were  of  standard  quality,  pur- 
chased Avholc  and  ground  by  the  local  miller.  The  Chicago 
gluten  meal  contained  40  per  cent,  of  protein  and  3.91  per 
cent,  of  fat  in  dry  matter,  thus  furnishing  a  high  percentage 
of  corn  gluten  and  a  minimum  percentage  of  corn  oil.  The 
corn  was  grown  upon  the  station  grounds,  likewise  the  hay 
and  rowen.  The  first  cut  hay  was  largely  timothy,  with  a 
small  admixture  of  red-top  and  clover.  It  contained  8.24 
per  cent,  of  protein  in  dry  matter,  and  the  rowen  14.20  per 
cent.  The  corn  oil,  procured  of  the  Glucose  Sugar  Refining 
Company  of  Chicago,  had  a  golden-yellow  color,  was  clear, 
and  had  a  marked  odor  of  Indian  corn.  It  was  regarded  as 
a  very  satisfactory  sample. 


Table  III.  — Average  Dry  Matter  and  Digestible  Nutrients  in  Ration  of 

Each  Cow. 
First  period:  both  herds,  standard  grain  ration. 


Total  Dry 
Matter. 

Digestible  Organic 
Nutrients. 

Nutritive 

Protein. 

Carbo- 
hydrates. 

Fat. 

Katio. 

Herd  I 

Herd  II 

27.37 
27.12 

2.55 
2.52 

13.33 
13.22 

.68 
.67 

1:5.8 
1:5.8 

Second  period . 

Herd  I.,  standard  grain  ration; 

Herd  II., 

gluten  meal  ration. 

Herd  I., 

Herd  II. 

25.39 

25.87 

2.39 
2.92 

14.42 

14.04 

.63 

.59 

1:6.6 
1:5.3 

Third  period :  Herd  I.,  standard  grain  ration;  Herd  II.,  gluten  meal  and  corn 

oil  ration. 


Herd  I.,   . 
Herd  II., . 


25.34 
23.41 


2.39 
2.55 


12.32 
11.13 


.63 
1.14 


1 : 5.7 
1:5.4 


Fourth  jjerlod :  Herd  I., 

■standard  grain  ration 

;  Herd  II. 

,  corn  meal  ration. 

Herd  I 

Herd  II 

24.97 
24.55 

2.30 
2.10 

12.17 
13.12 

.61 
.59 

1:.    J 
1:6.9 
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Table  IV.  —  Average  Quantity  of  Milk  produced  btj  lutrh  Vow. 
(Fou)ids.) 


First  Pkuiod. 

Second  rKRioD. 

Third  Period. 

Fourth  Period. 

Herd  I. 

Herd  II. 

Herd  I. 

Herd  II. 

Herd  I. 

Herd  II. 

Herd  I. 

Herd  11. 

448.56 

458.41 

635.75 

684.22 

924.34 

998.27 

620.59 

636.62 

During  the  first  period  both  lierds  produced  essentially  the 
same  average  quantity  of  milk  per  cow  ;  during  the  second 
and  third  periods,  presumably  because  of  the  increased  su[)- 
ply  of  protein  in  the  daily  ration,  Herd  II.  showed  a  slightly 
larger  average  yield. 

Purltij  of  the  Millc.  — A  number  of  samples  of  the  mixed 
milk  were  taken  immediately  after  milking,  placed  in  steril- 
ized glass-stoppered  bottles,  and  kept  cold  until  examined 
for  bacterial  content.  The  number  of  bacteria  varied  from 
200  to  3,600  to  the  cubic  centimeter,  showing  the  milk  to 
be  especially  clean.  Objectionable  odor  or  flavor  could  not 
be  detected. 

Sampling  the  Milk.  —  Composite  samples  of  the  mixed 
milk  from  each  herd  were  taken  for  five  days  in  each  week, 
and  tested  for  total  solids,  fat  and  nitrogen.  The  solids 
were  determined  by  drying  in  sand,  the  fat  by  extracting 
the  dry  material  with  ether,  and  the  nitrogen  by  the  Kjeldahl 
method.  In  securing  a  sample,  the  milk  from  each  herd  was 
carefully  mixed,  and  a  small  dipperfull  taken  immediately. 


Table  V.  —  Compositio7i  of  Milk  (Per  Cent.). 
First  period :  both  herds,  standard  ration. 


Total 

Solids. 

Fat. 

Solids  not 
Fat. 

Nitrogen. 

SAMPLES. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
11. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
11. 

Oct.     26-30, 
Nov.       1-4, 
Nov.       4-9, 

14.25 
14.63 
14.58 

14.10 
14.43 
14.50 

5.13 

5. as 

5.43 

5.12 

5.32 
5.38 

9.12 
9.30 
9.15 

8.98 
9.11 
9.12 

.573 
.584 
.iJ76 

.565 
.580 
.569 

Average,     . 

14.49 

14.34 

5.. 30 

5.27 

9.19 

* 

9.07 

.578 

.571 
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Table  V.  —  Composition  of  Milk  —  Concluded. 
Second  period :  Herd  I.,  standard  ration ;  Herd  II.,  Chicago  gluten  meal  ration. 


Samples. 

4 

Total 
Solids. 

Fat. 

Solids  not 
Fat. 

Nitkogen. 

Herd 
I. 

Herd 

n. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Dec.    11-16, 
Dec.    17-22, 
Dec.    22-27, 

14.97 
15.05 
14.75 

14.67 

14.80 
14.50 

5.50 
5.59 
5.49 

5.28 
5.29 
5.17 

9.47 

9.46 
9.26 

9.39 
9.51 
9.33 

.594 
.599 
.600 

.600 
.616 
.613 

Average,     . 

14.92 

14.66 

5.53 

5.25 

9.39 

9.41 

.598 

.610 

Third i^eriod :  Herd  I.,  standard  ration ;  Herd  II.,  Chicago  gluten  meal  and  corn 

oil  ratioJi. 


Dec.  28- Jan.   3,i 

14.79 

14.64 

5.40 

5.43 

9.39 

9.21 

- 

- 

Jan.   5- Jan.  10,i 

14.61 

14.49 

5.35 

5.37 

9.26 

9.12 

- 

- 

Jan.    12-17, 

14.69 

14.16 

5.29 

5.10 

9.40 

9.16 

.586 

.567 

Jan.    19-24, 

14.76 

14.23 

5.31 

5.12 

9.45 

9.11 

.604 

.580 

Jan.    16-31, 

14.74 

14.11 

5.27 

4.97 

9.47 

9.14 

.597 

.586 

Feb.       2-7, 

14.66 

14.07 

5.29 

5.02 

9.37 

9.05 

.597 

..579 

Feb.      9-14, 

14.79 

14.13 

5.31 

4.99 

9.48 

9.14 

.599 

.577 

Feb.    23-28, 

14.75 

14.08 

5.38 

4.97 

9.37 

9.11 

.587 

..566 

Average,     . 

14.73 

14.13 

5.31 

5.03 

9.42 

9.12 

.595 

.576 

Fourth  period :  Herd  I.,  standard  ration;  Herd  II.,  corn  meal  ration. 


Mar.       3-8,1      . 

14.68 

13.69 

5.25 

4.43 

9.43 

9.26 

.589 

.576 

Mar.     9-14,1      . 

14.59 

14.29 

5.34 

5.18 

9.25 

9.11 

.590 

..576 

Mar.   16-21, 

14.93 

14.27 

5.42 

5.11 

9.51 

9.16 

.606 

.586 

Mar.   23-28, 

14.70 

14.28 

5.27 

4.99 

9.43 

9.29 

..597 

.586 

Mar.  31-Apr.  4, 

14.82 

14.52 

5.19 

5.10 

9.63 

9.42 

.610 

.597 

Apr.     6-11, 

15.00 

14.37 

5.36 

5.12 

9.64 

9.25 

.620 

.603 

Apr.   13-18, 

14.84 

14.29 

5.13 

5.03 

9.71 

9.26 

.619 

.608 

Average,     . 

14.86 

14.35 

5.27 

5.07 

9.58 

9.28 

.610 

.596 

1  Preliminary. 
Table  VI.  —  liclation  of  Fat  to  Solids  not  Fat. 


First  Period. 

Second  Period. 

Third  Period. 

Fourth  Period. 

Herd  I. 

Herd  II. 

Herd  I. 

Herd  11. 

Herd  I. 

Herd  II. 

Herd  I. 

Herd  II. 

1: 1.73 

1-1.72 

1-1.70 

1:1.79 

1:1.77 

1:1.81 

1:1.82 

1:1.83 
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It  is  desired  at  this  point  to  again  call  attention  to  the 
important  fact  that  cow  Foil}-  in  Herd  I.  became  suddenly 
ill  between  the  first  and  second  periods,  and  had  to  be  per- 
manently removed  from  the  experiment.  It  was  thought 
best,  however,  to  continue  the  experiment  as  planned,  rather 
than  attempt  to  start  again. 

It  will  be  seen,  in  observing  the  above  tables  of  analyses, 
that  in  the  first  period,  with  five  cows  in  each  herd  and  both 
herds  receiving  the  same  ration,  the  composition  of  the  milk 
was  quite  similar.  This  was,  of  course,  due  to  the  fact  that 
the  two  herds  had  been  evenly  matched.  The  milk  yield  of 
both  herds  in  this  period  was  also  essentially  the  same, 
namely,  2,243  pounds  for  Herd  I.  and  2,292  pounds  for 
Herd  II. 

In  the  second  period,  because  of  the  loss  of  Folly,  it  was 
not  possible  to  make  a  comparison  of  the  composition  of  the 
milk  produced  by  the  two  herds  ;  hence  it  was  sampled 
only  during  the  last  three  weeks,  in  order  to  secure  a  basis 
of  comparison  for  the  two  folloAving  periods.  In  this  period 
the  relation  of  fat  to  solids  not  fat  was  1  :  1.70  and  1  :  1.79  for 
herds  I.  and  II.  respectively. 

In  the  third  or  corn  oil  period  the  composition  of  the  milk 
produced  by  both  herds  is  given  for  the  two  preliminary 
weeks  as  well  as  for  the  period  proper,  although  the  former 
is  not  included  in  the  average.  The  results  show  that  the 
milk  produced  by  Herd  I.  remained  quite  constant  in  compo- 
sition during  the  entire  period.  A  slight  decrease  only  in  the 
fat  percentage  is  noted,  the  relation  of  the  fat  to  solids  not 
fat  being  as  1  :  1.77.  In  case  of  Herd  II.  the  fat  percentage 
suddenly  increased  from  an  average  of  5.25  to  5.40  during 
the  preliminary  period  of  two  weeks,  when  the  corn  oil  was 
being  added  to  the  ration.  The  relation  of  fat  to  solids  not 
fat  during  the  preliminary  period  was  as  1  :  1.72.  The  effect 
of  the  corn  oil  appeared  to  have  been  lost  after  two  weeks, 
for  during  the  first  week  of  the  period  proper  the  percentage 
of  fat  was  5.10,  and  it  declined  slightly  during  the  period, 
with  an  average  of  5.03  and  a  relation  of  fat  to  solids  not  fat 
of  1 :  1.81.  While  the  total  solids  did  not  change  during  the 
preliminary  period,  they  showed  a  decrease  at  the  close  of 
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the  period  proper  of  .53  per  cent.  It  is  to  be  noted  that 
the  nitrogen  during  this  period  was  .034  per  cent,  lower 
than  in  the  previous  period.  A  similar  decrease  was  noticed 
when  linseed  oil  Avas  fed.^ 

The  percentage  of  solid  matter  in  both  herds  suffered  a 
slight  decline  during  the  third  period,  possibly  due  to  winter 
weather  conditions  ;  but  it  was  greater  in  case  of  Herd  II., 
due  largely  to  the  decrease  of  the  solids  not  fat. 

In  the  fourth  or  corn  meal  period  the  milk  of  Herd  I. 
increased  a  little  in  total  solids,  perhaps  due  to  advanced 
lactation  or  to  warmer  weather.  In  case  of  Herd  11. ,  the 
sudden  removal  of  the  corn  oil  caused  a  temporary  decrease 
of  .54  per  cent,  of  fat  and  a  slight  increase  in  the  nitrogen. 
The  so-called  fat  equilibrium,  however,  was  gradually 
restored ;  for  in  the  second  week  of  the  preliminary  period 
it  was  equal  to  that  yielded  during  the  last  week  of  the 
former  period,  and  the  percentage  continued  quite  regular 
during  the  entire  period.  The  percentage  of  nitrogen 
gradually  increased  for  several  weeks,  and  dinging  the  last 
week  of  the  period  it  was  equal  to  the  average  percentage 
found  during  the  second  period.  Similar  conditions  were 
observed  in  former  experiments.^ 

Attention  is  called  to  the  evenness  in  the  composition  of 
the  milk  produced  by  Herd  L,  which  had  the  same  feed  for 
a  period  of  six  months,  the  only  change  worthy  of  notice 
beinof  the  o-radual  increase  of  the  solids  not  fat  from  9.19  to 

o  o 

9.58  per  cent. 


Table  VII.  —  Comiiosition  of  the  Butler  Fat.^ 
First  period :  both  herds,  standard  ration. 


NuMBEK  Samples, 
Each  IIeku. 

Saponifica- 
tion 
Equivalent. 

Reichert- 

Meissl 
Number. 

Melting 

Point 

(Degrees  C). 

Iodine 
Number. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

2  samples, . 
2  sam))les, . 
2  samples, . 

231.,T 
231.1 
231.1 

230.  G 
231.0 
231.9 

30.03 
29.74 

29.48 

20., 52 
29.. 5(! 
30.25 

.33.78 
34.4;? 
34.13 

34.11 

33.43 
:?3.70 
33.48 

33.54 

29.07 
29.31 
27.76 

30.29 

29.75 
29.06 

Average,     . 

231.2 

231.2 

29.75 

29.78 

28.71 

29.70 

»  Thirteenth  report  of  this  station,  pp.  107-109.  *  Loc.  Cit. 

3  Methods  of  the  Association  of  Ollicial  Agricnltural  Chemists. 
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Table  VII.  —  (JomposUion  of  Lhe  Butter  Fat  —  Concluded. 

Second  period :  Herd  I.,  standard  ration;  Herd  II.,  Chicago  gluten  meal  ration. 


Number  Samples, 
Each  IIekd. 

SArONIl'IOA- 

TION 
EQUIVALENT. 

Rkicheut- 

Meissl 
Number. 

Melting 

I'OINT 

(Degrees  C). 

Iodine 
Number. 

Herd 
1. 

Herd 
11. 

Herd 
1. 

Herd 
11. 

Herd 
I. 

Herd 
11. 

Herd 
1. 

Herd 
11. 

2  samples, . 
2  samples, . 
2  samples, . 
2  samples, . 

231.6 
232.2 
231.1 
232.7 

231.9 
232.3 
232.3 
233.7 

29.20 
29.. 52 
29.03 
29.39 

29.17 
29.91 

28.66 
28.48 

34.53 
34.40 
34.55 
34.58 

34.52 

33.13 
33. 4:^ 
32.93 
33.08 

33.17 

26.66 
27.42 
26.91 
26.95 

28.  &3 
29.. 50 
28.99 
29.59 

Average,     . 

231.9 

232.6 

29.29 

29.06 

26.96 

29.18 

Third  period :   Her 

d  /.,  standard  ration;  Herd  II.,  Chicago  gl 
corn  oil  ration. 

uten  meal  and 

2  samples, . 
2  samples, . 
2  samples, . 
2  samples, . 
2  samples, . 

2.30.6 
230.2 
229.5 
230.5 
230.5 

230.3 

226.0 
224.7 
221.9 
219.6 

220.9 

222.6 

28.80 
30.20 
28.75 
28.55 
28.22 

28.30 

27.80 
24.85 
23.20 
23.61 

33.83 
33.  fK) 
33.73 
34.05 
34.33 

33.97 

33.33 

32.93 
34.28 
34.40 
34.03 

33.79 

26.89 
27.47 
28.34 
28.18 
27.94 

36.68 
37.35 

38.58 
40.23 
39.00 

Average,    . 

28.90 

25.55 

27.76 

38.37 

Fourth  period 

Herd  I.,  standard  ration;  Herd  II., 

corn  meal  ration. 

2  samples, . 
1  sample,    . 

1  sample,    . 

2  samples, . 
2  samples, . 

229.7 
227.8 
228.4 
229.6 
231.5 

229.0 
229.4 
229.6 
232.4 
231.2 

27.83 
26.64 
26.61 
27.35 
27.14 

26.88 
27.47 
27.43 
27.17 
27.53 

34.18 
34.15 
34.10 
34.28 
34.48 

.33.58 
33.70 
33.65 
33.58 
33.98 

28.80 
29.55 
29.68 
29.02 
29.. 59 

29.51 
29.14 
28.86 

28.84 
28.69 

Average,     . 

229.4 

230.3 

27.11 

27.30 

34.24 

33.70 

29.33 

29.01 

In  the  first  period  the  butter  fat  produced  by  both  herds 
showed  a  very  similar  composition,  trifling  variations  only 
being  noted  in  the  melting  point  and  iodine  number. 

In  the  second  or  gluten  meal  period  it  is  difficult  to  note 
any  change  in  the  composition  of  the  butter  fat  which  may 
be  attributed  to  the  influence  of  the  gluten  meal.  In  a  for- 
mer experiment  ^  no  striking  differences  between  the  butter 
fat  produced  by  the  standard  grain  ration  and  a  gluten  meal 
ration  could  be  noted.  The  iodine  number  of  the  fat  produced 
by  Herd  I.  showed  a  noticcalde  drop  during  this  period, 
gradually  returning  during  the  next  two  periods  to  the  num- 
ber indicated  in  the  first  period.  The  reason  for  this  tem- 
porary depression  is  difficult  to  explain.  It  is  not  to  be 
overlooked  that  the  cow  Folly  was  removed   during  this 


*  Thirteenth  and  fourteenth  reports  of  this  station,  pp.  110,  165. 
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period,  and  did  not  again  enter  the  experiment ;  it  is  doubt- 
ful, however,  if  iier  loss  in  any  way  affected  the  composition 
of  the  fat. 

In  the  third  period  Herd  II.  was  still  receiving-  a  trifle 
over  2  pounds  of  gluten  meal  daily,  so  that  the  ration  was 
essentially  the  same  as  in  the  second  period,  excepting  for 
the  addition  of  .6  pound  of  corn  oil.  It  is  in  this  period 
that  a  noticeable  modification  of  the  butter  fat  took  place 
with  Herd  II.,  while  the  character  of  the  fat  produced  by 
Herd  I.  remained  constant.  The  difference  consisted  in  the 
decrease  of  the  saponification  equivalent  by  10  points,  a 
decrease  of  the  Reichert-Meissl  number  of  3^  points,  and  an 
increase  in  the  iodine  number  of  a  trifle  over  9  points.  The 
melting  point  of  the  fat,  on  the  other  hand,  showed  no  marked 
change.  Similar  conditions  were  noted  when  cotton-seed 
and  linseed  oils  were  fed,^  excepting  that  the  two  latter  oils 
also  raised  the  melting  point  of  the  fit. 

In  the  fourth  or  corn  meal  period,  when  the  rations  of 
both  herds  were  similar,  excepting  that  corn  meal  took  the 
place  of  ground  oats  with  Herd  11. ,  the  butter  fat  produced 
by  the  latter  herd  returned  to  its  normal  condition,  e.g., 
similar  to  that  produced  in  the  first  and  second  periods,  and 
closely  resembling  the  fat  produced  by  Herd  I.  during  all 
four  periods. 

The  only  noticeal)le  change  in  the  fat  of  Herd  I  during  the 
entire  experiment,^  extending  from  October  20  tlirough  April 
19,  —  a  period  of  six  months,  —  consisted  in  the  slight  gradual 
decline  in  the  Reichert-Meissl  number,  due  to  advancing  lac- 
tation. It  is  interesting  to  observe  the  uniformity  in  the 
character  of  butter  fat  produced  by  a  herd  of  five  cows  hav- 
ing the  same  feed  during  such  a  long  period  of  time. 

The  Opinion  of  JExjjeris  on  the  Character  of  the  Butter.  — 
Two  lots  of  cream  from  each  herd,  raised  by  the  Cooley 
process,  were  ripened  and  made  into  butter  each  week.  The 
ripening  process  generally  lasted  twenty-four  hours,  and 
some  commercial  starter  was  employed.     The  full  details  of 

'  Thirteenth  and  fourteenth  reports  of  this  station,  pp.  110,  165. 
^  Excepting  the  temporary  depression  iu  the  iodine  number  in  the  second 
period  already  referred  to. 
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the  process  are  on  file,  but  it  is  hardly  considered  necessarj^ 
in  this  connection  to  publish  them,  other  than  to  state  that 
the  most  ai)})rovcd  methods  were  followed. 

Pound  samples  from  each  lot  were  sent  to  Mr.  O.  Douglass 
of  Boston  and  Mr.  W.  A.  Gude  of  New  York,  who  scored 
them,  each  being  entirely  ignorant  of  the  nature  of  the  ex- 
periment or  of  the  feeds  employed. 

Table  VIII. — Douylass  Bntier  Scores. 
Firftt  period :  both  herds,  standard  ration. 


Flavor. 

Body. 

Color. 

Salt. 

Style. 

Total. 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

I. 

II. 

I. 

II. 

I. 

II. 

I. 

II. 

I. 

II. 

I. 

II. 

44.0 

43.5 

20 

20 

15 

15 

10 

10 

5 

5 

94.0 

93.5 

45.0 

44.5 

20 

20 

15 

15 

10 

10 

5 

5 

95.0 

94.5 

45.0 

43.0 

20 

20 

15 

15 

10 

10 

5 

5 

95.0 

93.0 

43.0 

4;j.o 

20 

20 

15 

15 

10 

10 

5 

5 

93.0 

93.0 

43.0 

44.0 

20 

20 

15 

15 

10 

10 

5 

5 

93.0 

94.0 

Av.,  44.0 

43.6 

20 

20 

15 

15 

10 

10 

5 

5 

94.0 

93.6 

Second  period :  Herd  I.,  standard  ration ;  Herd  II.,  Chicago  gluten  meal  ration. 


43.0 

44.0 

20 

20 

15 

15 

10 

10 

5 

5 

93.0 

94.0 

43.0 

43.5 

20 

20 

15 

15 

10 

10 

5 

5 

93.0 

93.5 

46.0 

45.5 

20 

20 

15 

15 

10 

10 

5 

5 

96.0 

95.5 

45.0 

41.0 

20 

20 

15 

15 

10 

10 

5 

5 

95.0 

91.0 

41.0 

43.0 

20 

20 

15 

15 

10 

10 

5 

5 

91.0 

93.0 

39.0 

40.0 

20 

20 

15 

15 

10 

10 

5 

5 

89.0 

90.0 

Av.,  42.8 

42.8 

20 

20 

15 

15 

10 

10 

5 

5 

92.8 

92.8 

Third  period :  Herd  I.,  standard  ration ;  Herd  II.,  Chicago  gluten  meal  and 
corn  oil  ration. 


44.0 

46.0 

20 

19 

15 

15 

10 

10 

5 

5 

94.0 

95.0 

43.5 

45.0 

20 

19 

15 

15 

10 

10 

5 

5 

93.5 

94.0 

44.5 

43.5 

20 

20 

15 

15 

10 

10 

5 

5 

94.5 

93.5 

45.0 

46.5 

20 

20 

15 

15 

10 

10 

5 

5 

95.0 

96.5 

44.0 

45.0 

20 

20 

15 

15 

10 

10 

5 

5 

94.0 

95.0 

45.5 

46.5 

20 

20 

15 

15 

10 

10 

5 

5 

95.5 

96.5 

43.0 

45.0 

20 

20 

15 

15 

10 

10 

5 

5 

93.0 

95.0 

42.0 

44.0 

20 

20 

15 

15 

10 

10 

5 

5 

92.0 

94.0 

44.0 

43.5 

20 

20 

15 

15 

10 

10 

5 

5 

94.0 

93.5 

44.5 

45.0 

20 

20 

15 

15 

10 

10 

5 

5 

94.5 

95.0 

Av.,  45.0 

45.0 

20 

20 

15 

15 

10 

10 

5 

5 

94.0 

94.8 

Fourth  period  : 

Herd  I.,  standard  ration , 

Hei-d  II.,  corn  meal  ration. 

43.0 

44.0 

20 

20 

15 

15 

10 

10 

5 

5 

93.0 

94.0 

42.5 

45.0 

20 

20 

15 

15 

10 

10 

5 

5 

'  92.5 

95.0 

42.0 

43.0 

20 

20 

15 

15 

10 

.  10 

5 

5 

92.0 

93.0 

40.0 

41.0 

20 

20 

15 

15 

10 

10 

5 

5 

90.0 

91.0 

45.0 

43.0 

20 

20 

15 

15 

10 

10 

5 

5 

95.0 

93.0 

45.0 

40.0 

20 

20 

15 

15 

10 

10 

5 

5 

95.0 

90.0 

42.0 

43.0 

20 

20 

15 

15 

10 

10 

5 

5 

92.0 

93.0 

43.0 

41.0 

20 

20 

15 

15 

10 

10 

5 

5 

93.0 

91.0 

Av.,42.8 

42.8 

20 

20 

15 

15 

10 

10 

5 

5 

92.8 

92.5 
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Table  IX.  —  Oude  Butter  Scores. 
First  period :  both  herds,  standard  ration. 


Flavor. 

Body. 

Color. 

Salt. 

Style. 

Total. 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

Herd 

I. 

II. 

1. 

II. 

I. 

11. 

I. 

11. 

I. 

II. 

I. 

II. 

35.0 

31.0 

24.0 

23.0 

14.5 

15.0 

10 

10 

5 

5 

88.5 

84.0 

35.0 

3-2.0 

25.0 

24.0 

15.0 

15.0 

10 

10 

5 

5 

90.0 

86.0 

35.0 

30.0 

25.0 

25.0 

15.0 

15.0 

10 

10 

5 

5 

90.0 

85.0 

30.0 

37.0 

22.0 

22.0 

15.0 

15.0 

10 

10 

r. 

5 

82.0 

89.0 

38.0 

3-2.0 

24.0 

23.0 

15.0 

•15.0 

10 

10 

5 

5 

92.0 

85.0 

Av.,  35.0 

32.0 

24.0 

23.0 

14.9 

15.0 

10 

10 

5 

5 

88.5 

85.8 

Second  period . 

Herd  I.,  standard  ration 

;  Herd  II.,  Chicago 

gluten  meal  ration. 

37.0 

35.0 

24.0 

22.0 

15.0 

15.0 

10 

10 

5 

5 

91.0 

85.0 

37.0 

36.0 

24.0 

24.0 

15.0 

15.0 

10 

10 

5 

5 

91.0 

90.0 

32.0 

36.0 

23.0 

24.0 

15.0 

15.0 

10 

10 

5 

5 

85.0 

90.0 

35.0 

33.0 

25.0 

23.0 

15.0 

15.0 

10 

10 

5 

5 

90.0 

86.0 

36.0 

36.0 

24.0 

23.0 

15.0 

15.0 

10 

10 

5 

5 

90.0 

89.0 

28.0 

28.0 

23.0 

23.0 

15.0 

15.0 

10 

10 

5 

5 

81.0 

81.0 

Av.,  34.1 

34.0 

23.8 

23.1 

15.0 

15.0 

10 

10 

5 

5 

88.0 

86.8 

Tldrd  pjeriod :  Herd  I.,  standard  ration;   Herd  II.,  Chicago  gluten  meal  and 

corn  oil  ration. 


.37.0 

40.0 

25.0 

24.0 

15.0 

15.0 

10 

10 

5 

5 

92.0 

94.0 

37.0 

40.0 

25.0 

24.0 

15.0 

15.0 

10 

10 

5 

5 

92.0 

94.0 

.37.0 

38.0 

24.0 

24.0 

15.0 

15.0 

10 

10 

5 

5 

91.0 

92.0 

39.0 

40.0 

24.0 

25.0 

15.0 

15.0 

10 

10 

5 

5 

93.0 

95.0 

42.0 

36.0 

24.0 

24.0 

15.0 

15.0 

10 

10 

5 

5 

i)6.0 

90.0 

38.0 

41.0 

24.0 

25.0 

15.0 

15.0 

10 

10 

5 

5 

92.0 

96.0 

38.0 

40.0 

23.0 

25.0 

15.0 

15.0 

10 

10 

5 

5 

91.0 

95.0 

.38.0 

38.0 

23.0 

23.0 

15.0 

15.0 

10 

10 

5 

5 

91.0 

91.0 

36.0 

.39.0 

25.0 

24.0 

15.0- 

15.0 

10 

10 

5 

5 

91.0 

93.0 

36.0 

39.0 

25.0 

24.0 

15.0 

15.0 

10 

10 

5 

5 

91.0 

93.0 

Av.,  37.8 

39.1 

24.2 

24.2 

15.0 

15.0 

10 

10 

5 

5 

92.0 

93.3 

Fourth  period  : 

Herd  I.,  standard  ration , 

Herd  II.,  corii  mea 

I  ration. 

37.0 

.37.0 

24.0 

24.0 

15.0 

15.0 

10 

10 

5 

5 

91.0 

91.0 

37.0 

.37.0 

24.5 

24.0 

15.0 

15.0 

10 

10 

5 

5 

91.0 

91.0 

35.0 

36.0 

25.0 

24.5 

15.0 

15.0 

10 

10 

5 

5 

90.0 

iKJ.S 

30.0 

33.0 

23.0 

25.0 

15.0 

14.0 

10 

10 

5 

5 

83.0 

87.0 

41.0 

.39.0 

25.0 

25.0 

15.0 

15.0 

10 

10 

5 

5 

96.0 

94.0 

40.0 

36.0 

25.0 

24.0 

15.0 

15.0 

10 

10 

5 

5 

95.0 

90.0 

39.0 

39.0 

24.0 

24.0 

15.0 

15.0 

10 

10 

5 

5 

93.0 

93.0 

38.0 

38.0 

25.0 

24.5 

15.0 

15.0 

10 

10 

5 

5 

93.0 

92.5 

Av.,  37.1 

36.9 

24.4 

24.1 

15.0 

14.9 

10 

10 

5 

5 

91.5 

91.1 

As  will  be  seen  from  the  above  scores,  Mr.  Douglass  con- 
sidered the  butter  produced  by  both  herds  during  the  several 
periods  of  good  average  quality.  The  flavor  he  scored  a 
trifle  liigher  in  the  first  and  third  })eriods.  lie  found  no 
fault  with  the  body  excepting  in  case  of  Herd  II.  in  the 
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third  period  ;  this  butter  he  re})eatcdly  pronounced  as  "  light 
bodied,  but  acceptable  in  any  market." 

Mr.  Gude  appeared  to  have  been  much  more  critical.  He 
often  mentioned  a  "tainted  off  flavor,  as  from  stale  milk," 
in  the  butter  produced  by  both  herds  during  the  first  and 
second  periods.  This  defect,  in  our  judgment,  was  due  to 
the  starter,  with  which  considerable  trouble  was  experienced, 
and  could  in  no  way  be  attributed  to  the  feed.  The  flavor 
of  the  butter  produced  by  both  herds  during  the  third  period 
was  more  satisfactory,  although  it  was  occasionally  referred 
to  as  having  only  a  "faint  aroma."  Mr.  Gude  several  times 
mentioned  the  product  of  Herd  H.  during  this  third  or  corn 
oil  period  as  having  a  "fine  aroma,"  and  the  average  score 
is  rather  higher  than  for  Herd  I.  In  the  fourth  period  no 
particular  difference  in  the  flavor  was  observed. 

The  body  of  the  butter  made  from  Herd  I.  during  all  four 
periods  was  repeatedly  pronounced  "short  and  crumbly;" 
the  body  of  that  produced  by  Herd  II.  in  the  second  and 
fourth  periods  was  also  frequently  referred  to  as  being 
crumbly  ;  while  that  produced  by  the  same  herd  in  the  third 
or  corn  oil  period  was  sometimes  spoken  of  as  satisfactory 
and  sometimes  as  rather  light  and  rather  soft,  but  suitable 
for  market.  It  was  evident  that  Mr.  Gude  liked  the  flavor 
and  body  of  the  butter  produced  by  the  corn  oil  ration. 
The  same  fact  was  noticed  when  King  gluten  meal,  contain- 
ing 14  per  cent,  of  corn  oil,  was  fed.^ 

Personal  Observations  on  the  Body  of  the  Butter.  —  The 
writer  made  no  attempt  to  pronounce  critical  judgment  on 
the  flavor  of  the  butter,  but  endeavored  to  note  particularly 
the  character  of  the  body.  No  difference  could  be  observed 
in  the  body  of  the  butter  produced  by  both  herds  in  the  first 
period.     It  might  be  characterized  as  being  hard  and  firm. 

In  the  second  period,  pound  samples  of  the  butter  pro- 
duced by  each  herd  were  allowed  to  reach  a  temperature  of 
57°  F.  The  butter  from  Herd  I.  at  this  temperature  ap- 
peared noticeably  harder  and  firmer  than  that  produced  by 
Herd  II.  This  conclusion  was  reached  as  a  result  of  push- 
ing a  glass  rod  into  the  mass  at  different  points,  an4  by 

^  Thirteenth  report  of  this  station,  p.  120. 
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touching  the  same  with  the  finger.  The  same  difierences 
were  noted  at  a  temperature  of  70°  F.  As  tlie  temperature 
was  gradually  increased,  Herd  II.  butter  showed  a  tendency 
to  lose  form  more  quickl}^  than  Herd  I.  butter.  When  the 
interior  of  the  lumps  had  reached  83°  F.,  Herd  II.  butter 
had  lost  form,  and  collapsed  into  a  shapeless,  slushy  mass  ; 
while  Herd  I.  butter  still  stood  up  in  })rint  form,  although 
showing  a  tendency  to  lose  its  shape.  When  the  room  tem- 
perature reached  95°  F.,  and  the  interior  temperature  of 
the  butter  85°  F.,  Herd  I.  butter  also  lost  form.  It  is  (juite 
possible  that,  if  this  latter  butter  had  been  held  at  85°  F., 
or  even  lower,  for  a  considerable  time,  it  would  also  have 
fallen  into  a  slushy  condition.  It  will  be  understood  that  it 
is  quite  difficult  to  control  the  exact  temperature  of  a  mass 
of  butter.  The  temperature  of  the  room  may  be  95°  F., 
while  the  temperature  of  the  interior  of  the  lump  of  butter 
may  be  10°  lower. 

Though  the  butter  produced  by  Herd  II.  was  softer,  lost 
its  form  and  became  slushy  more  quickly  than  that  produced 
by  Herd  I.,  but  little  of  the  fat  actually  melted  until  a  higher 
temperature  had  been  reached. 

While  the  differences  in  the  body  of  the  butter  produced 
by  the  two  herds  was  quite  marked,  it  was  probably  not 
sufficient  to  effect  its  commercial  value,  at  least  during  the 
cooler  portion  of  the  year. 

Similar  observations  to  the  above  were  made  on  the  two 
lots  of  butter  produced  in  the  third  or  corn  oil  period,  the 
results  being  even  more  pronounced.  At  a  temperature  of 
44°  F.,  Herd  I.  butter  was  very  hard  and  firm;  Herd  II. 
butter,  while  being  hard,  had  rather  a  greasy,  salvy  look, 
and  yielded  more  easily  to  the  touch.  After  standing  over 
night  at  a  temperature  of  70°  F.,  this  difterence  was  very 
pronounced,  the  Herd  I.  product  being  still  firm,  while  the 
Herd  II.  was  yielding  and  soft  to  the  touch.  At  82°  F., 
Herd  I.  butter  still  retained  its  print  form,  while  Herd  II. 
butter  lost  form  and  was  quite  slushy.  It  is  believed  that 
the  corn  gluten  and  corn  oil  rations  produced  rather  a  softer 
butter  than  did  the  cotton-seed  oil  ration. ^ 

^  Fourteenth  report  of  this  station,  page  167. 
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But  little  dift'erencc  could  be  noted  in  the  body  of  the 
butter  produced  by  both  herds  during  the  fourth  or  corn 
meal  period.  At  an  interior  temperature  of  60°  F.  it  was 
not  possible  to  detect  any  variation.  After  the  butter  had 
stood  twenty-four  hours  in  the  same  room,  and  showed  an 
interior  temperature  of  TG^  F.,  Herd  II.  butter  appeared  to 
be  a  trifle  softer  than  Herd  1.  butter.  The  difference  was 
certainly  not  at  all  pronounced  ;  both  lots  would  be  said  to 
possess  a  hard,  firm  body. 

Tai'.le  X.  —  Degrees  of  Penetration  {Millimeters). 

[Each  nuni))er  represents  results  with  one  print.] 


First 

(32° 

Period 

v.). 

Second 

(65° 

Period 

F.). 

Third 

(.57° 

Period 

F.). 

Fourth  Period 

(67°  F.). 

Herd  I. 

Herd  II. 

Herd  I. 

Herd  II. 

Herd  I. 

Herd  II. 

Herd  I. 

Herd  II. 

4.3.') 

4.05 

8.. 39 

11.70 

6.45 

13.30 

12.10 

13.17 

4.1.5 

4.05 

8.60 

10.80 

6.40 

13.15 

13.90 

14.05 

4., 35 

4.. 50 

9.45 

11.90 

5.95 

12.60 

15.50 

19.08 

4.40 

4.. 55 

9.10 

12.55 

5.95 

15.10 

16.20 

15.75 

4.2.5 

4.85 

11.00 

13.10 

7.40 

14.65 

16.15 

16.15 

- 

- 

11.10 

16.30 

7.05 

14.70 

15.25 

16.50 

- 

- 

10.20 

15.. 50 

6.. 30 

14.20 

15.79 

18.46 

- 

- 

- 

- 

6.55 

13.25 

16.40 

17.75 

- 

- 

- 

- 

6.00 

13.05 

- 

- 

- 

- 

- 

- 

6.95 

16.15 

- 

- 

Av.,  4.30 

4.50 

9.69 

13.12 

6.50 

14.02 

15.17 

16.36 

By  degrees  of  penetration  is  meant  the  number  of  milli- 
meters a  small  glass  plunger  loaded  with  mercury  will 
penetrate  into  butter  when  dropped  for  a  definite  height. 
Unfortunately,  through  a  misunderstanding,  the  tests  of  the 
butter  produced  by  the  two  herds  in  the  first  period  were 
made  a  temperature  of  33°  F.,  so  that  the  plunger  had  little 
opportunity  to  penetrate.  In  the  other  periods  the  butter 
was  taken  from  the  refrigerator  and  allowed  to  stand  in  the 
dairy  room  until  it  had  acquired  the  room  temperature.  It 
will  be  seen  that  both  in  the  second  and  third  periods,  and 
particularly  in  the  latter,  the  butter  produced  by  Herd  II. 
was  noticeably  softer  and  more  yielding  than  the  product 
of  Herd  I.     In  the  fourth  period  little  difference  was  ob- 
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served.  This  method  of  testing  has  been  criticised,  on  the 
ground  that  dilierent  portions  of  the  same  lump  or  print 
would  show  widely  different  degrees  of  firmness.  This  claim 
may  be  to  an  extent  true.  In  each  case,  however,  a  definite 
number  of  tests  were  made  in  different  parts  of  each  print, 
and  results  averaged.  The  variations  were  not  wide,  and 
the  differences  in  the  firmness  of  the  butter  are  quite  striking. 

Effect  of  Feed  on  the  Time  of  Cliurniiuj  tlie  Cream  and 
on  the  Quantity  of  Fat  left  in  the  Shim  Milk  and  Butter- 
milk.  —  The  only  noticeable  difference  in  the  time  of  churn- 
ing was  in  the  third  period.  One-fifth  more  time  was 
required  to  bring  the  butter  from  the  cream  produced  by 
Herd  II.,  receiving  the  corn  oil,  than  from  Herd  I.,  receiv- 
ino;  the  standard  ration. 

A  number  of  samples  of  cream,  skim  milk  and  buttermilk 
were  taken  in  each  period  and  the  fat  percentages  determined, 
the  results  beino;  tabulated  below  :  — 


Table  XI. — Fat  in  Cream,  Skim  Milk  and  JBnticrniilk. 


First  Period. 

Second  Period. 

HERD  I.               1 

HERD  II. 

HERD  I. 

HERD  II. 

u 

O 

a 
3 

3 

3 

5 

pi 

3 

3 

s 
g 

3 

3 

3 
% 

15.50 

0.11 

0.11 

16.88 

0.07 

0.10 

18.88 

0.23 

0.02 

16.13 

0.34 

0.05 

17.13 

0.08 

0.02 

16.38 

0.13 

0.02 

17.63 

0.24 

0.06 

16.63 

0.34 

0.06 

IS.  50 

0.18 

0.05 

16.88 

- 

0.05 

18.50 

0.18 

0.04 

16.88 

0.33 

0.08 

- 

- 

- 

- 

- 

- 

- 

0.10 

- 

- 

0.12 

Av.,17.r2 

0.12 

0.06 

16.71 

0.10 

0.06 

18.34 

0.23 

0.06 

16.55 

0.34 

0.08 

Third  Period. 

Fourth  Period. 

•     17.63 

0.20 

0.05 

18.75 

0.15 

0.28 

- 

- 

0.41 

- 

- 

0.38 

18.18 

0.20 

0.08 

18.50 

0.13 

0.27 

- 

0.39 

- 

- 

0.40 

- 

17.SS 

0.16 

0.09 

19.63 

0.14 

0.24 

- 

0.43 

- 

- 

0.28 

- 

18.13 

0.20 

0.09 

17.13 

0.23 

0.30 

- 

- 

- 

- 

- 

- 

18.25 

0.24 

0.05 

18.83 

0.20 

0.24 

- 

- 

- 

- 

- 

- 

18.25 

0.20 

0.10 

16.63 

0.23 

- 

- 

- 

- 

- 

- 

- 

17.63 

0.25 

0.13 

18.75 

0.26 

0.31 

- 

- 

- 

- 

- 

- 

- 

- 

0.19 

- 

- 

0.40 

- 

- 

- 

- 

- 

- 

Av.,  17.99 

0.21 

0.10 

18.32 

0.19 

0.29 

- 

0.41 

0.41 

- 

o.;m 

0.38 
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The  results  indicate  that  there  was  no  particular  diflerence 
in  the  percentage  of  fat  left  in  the  skim  milk  or  buttermilk 
produced  by  the  two  herds,  (excepting  in  case  of  the  butter- 
milk obtained  from  the  butter  produced  by  Herd  II.  in  the 
third  period,  when  .20  per  cent,  more  fat  was  found  than  in 
that  produced  by  Herd  I.  As  the  period  of  lactation  became 
advanced,  more  fat  was  left  in  the  skim  milk  produced  by 
both  herds.  This,  however,  is  a  well-established  fact  with 
cream  raised  by  the  gravity  process. 

Conclusions.  — The  fact  must  not  be  overlooked  that  this 
experiment,  on  which  the  following  conclusions  are  based, 
extended  over  a  period  of  six  months,  with  periods  var3dng 
from  three  to  seven  weeks  in  length  ;  the  period  proper  was 
always  preceded  by  a  preliminary  period  of  two  weeks. 

1.  The  immediate  effect  of  the  addition  of  .6  pounds  of 
corn  oil  to  the  corn  gluten  meal  ration  was  to  increase  the 
fat  percentage  in  the  milk  .23  of  1  per  cent.  (5.17  to  5.40)  ; 
at  the  end  of  two  weeks  the  effect  of  the  corn  oil  had  disap- 
peared, and  the  milk  had  returned  to  its  normal  fat  content. 

2.  The  removal  of  the  corn  oil  from  the  daily  ration  caused 
a  sudden  drop  of  .54  per  cent,  in  the  fat  (4.97  to  4.43),  but 
after  the  first  week  the  normal  fat  per  cent,  was  again  present. 

3.  Corn  oil  appeared  to  have  depressed  the  nitrogen  per- 
centage in  the  milk  by  .034  per  cent.  (.610  to  .576)  ;  the 
nitrogen  gradually  returned  to  its  normal  percentage  after 
the  feeding  of  the  corn  oil  had  ceased. 

4.  It  is  not  considered  practicable  to  feed  large  amounts 
of  oil  to  cows,  it  having  a  tendency  to  derange  the  digestive 
and  milk-secreting  organs. 

5.  Corn  meal  was  without  effect  on  the  composition  of  the 
milk. 

().  There  Avas  but  little  change  in  the  composition  of  the 
milk  produced  by  Herd  I.  for  a  period  of  six  months,  during 
which  time  the  herd  received  the  same  or  so-called  standard 
ration  ;  a  gradual  increase  in  the  percentage  of  solids  not  fat 
only  Avas  noted. 

7.  Corn  gluten  meal  and  corn  meal  were  without  notice- 
able  influences  on  the  chemical  composition  of  the  butter  fat. 

8.  The  addition  of  corn  oil  to  the  corn  gluten  meal  ration 
caused  a  depression  of  10  points  in  the  saponification  equiva- 
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lent,  a  decrease  of  31  points  in  the  Reichert-Meissl  number, 
and  an  increase  of  9  points  in  tlie  iodine  number,  while  the 
melting  point  of  the  fat  remained  unchanged. 

9.  An  anal3^sis  of  the  butter  fat  will  seldom  give  positive 
knowledge  concerning  the  firmness  or  body  of  the  butter. 

10.  A  high  iodine  number  is  indicative  of  a  soft  or  "  light- 
bodied  "  butter ;  but  a  high  melting  point  is  not  a  sure  indi- 
cation of  a  hard,  firm  butter. 

11.  It  seems  probable  that  neither  the  proteid  or  car- 
bohydrate groups,  when  fed  in  normal  ainounts,  have  any 
noticeable  influence  in  changing  the  proportions  of  the  sev- 
eral milk  ingredients,  or  in  modifying  the  chemical  charac- 
ter of  the  butter  fat ;  such  changes,  so  far  as  they  occur,  are 
due  to  the  presence  of  the  oil  in  the  feed  stuff. 

12.  Corn  gluten  meal  with  a  minimum  percentage  of  oil 
produced  rather  a  soft,  yielding  butter ;  this  condition  was 
noticeably  increased  by  the  addition  of  corn  oil  to  the  ration. 

13.  The  flavor  of  butter  depends  primarily  on  the  cleanli- 
ness of  the  milk,  stage  of  lactation  of  the  animal,  method  of 
butter  manufacture,  and  especially  upon  the  character  of  the 
starter  employed.  Normal  feeding  stufls  are  of  secondary 
importance  in  establishing  butter  flavor.^ 

14.  The  present  and  previous  experiments  indicate  that 
starchy  feeds  produce  a  hard-bodied  butter,  vegetable  oils  a 
soft  butter  ;  some  proteids  a  hard-bodied  butter,  others  but- 
ter of  a  softer,  lighter  body. 

1  A  possible  exception  to  the  above  may  be  made  in  the  case  of  young,  clean 
pasture  grass. 
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B.     Digestion  Experiments  with  Sheep. 


J.    B.    IJNDSEY.' 


Digestion  experiments  with  sheep  were  begun  at  this 
station  in  1893,  and  a  full  description  of  the  method 
employed  will  be  found  in  the  eleventh  report  of  the  Mas- 
sachusetts State  Experiment  Station.  The  following  ex- 
periments were  made  in  the  autunm  of  1902  and  during  the 
winter  and  spring  of  1903.  The  full  data  is  given  in  this 
report,  with  the  exception  of  the  daily  production  of 
manure  and  the  daily  water  consumption,  in  which  case, 
to  economize  space,  averages  only  are  presented. 

The  periods  extended  over  fourteen  days,  the  first  seven 
of  which  were  preliminary,  collection  of  f^ces  being  made 
diu-ing  the  last  seven.  Ten  grams  of  salt  were  fed  each 
sheep  daily,  in  addition  to  the  regular  ration.  Water  was 
before  the  animals  at  all  times.  Sheep  III.  throughout  the 
series  gave  evidence  of  strong  digestive  powers,  while  Sheep 
n.  and  particularly  Sheep  I.  showed  at  times  evidence  of 
weak  digestion,  and  in  several  cases  the  results  from  these 
two  latter  sheep  were  omitted,  and  the  tests  will  be  repeated. 
The  sheep  were  full-grown  grade  Southdown  wethers,  and 
have  been  used  for  a  number  of  years. 


Composition  of  Feed  Stuffs  (Per  Cent.'). 
[Dry  matter.] 


Feed  Stuffs. 


Ash. 


Protein. 


Fiber. 


Nitrogen- 
free 
Extract. 


Fat. 


Digestion  liay 

Apple  iioiiia<'e,  .... 
Biles  XXXX  distillers'  grains, 
Mercliants  ilistillers'  grains,  . 
Brewers'  grains, 

Malt  sprouts 

Soy  bean  meal 

Hominy  meal,  .... 
Waste,  Sheep  III.,  Period  XXV. 


7.63 
3.93 
1.77 
2.10 
3.83 
4.97 
5.18 
3.38 
7.63 


12.03 
5.06 
37.75 
34.52 
26.02 
28.27 
41.93 
12.23 
12.03 


31.60 
16.17 
14.56 
13.71 
17.48 
16.24 
4.40 
4.97 
31.60 


45.89 
70.00 
34.15 
35.25 
45.30 
49.02 
29.43 
69.43 
45.89 


2.85 
4.84 
11.77 
14.42 
7.37 
1.50 
19.06 
9.99 
2.85 


1  With  E.  B.  Holland  and  P.  H.  Smith. 


64 


HATCH   EXPERIMENT   STATION. 


[Jan. 


Coinjwsilion  of  Fccces  {Per  Cent.). 
Sheep  I. 


Period. 

FiECF.S  FROM  — 

Ash. 

Protein. 

Fiber. 

Nitrogen- 

free 
Extract. 

Fat. 

XX.,  . 

Digestion  haj',    .... 

10.63 

11.65 

31.88 

42.46 

3.38 

XXI.,  . 

Apple  pomace 

9..57 

13.98 

29.32 

42.40 

4.73 

XXII.,  . 

Biles  XXXX  distillers'  grains, 

10.26 

18.28 

26.85 

41.40 

3.21 

XXIII.,  . 

Merchants  distillers'  grains,    . 

10.63 

18.34 

27.04 

40.81 

3.18 

XXIV.,  . 

Brewers'  grains. 

9.94 

11.65 

28.73 

46.98 

2.70 

Sheep  II. 


XX.,  . 

Digestion  hay,    .... 

12.08 

12.10 

28.74 

43.45 

3.63 

XXI.,  . 

Apple  pomace,   .... 

10.58 

14.23 

26.89 

42.70 

5.60 

XXII.,  . 

Biles  XXXX  distillers'  grains, 

10.80 

19.13 

24.54 

42.29 

3.24 

XXIII.,  . 

Merchants  distillers'  grains,    . 

11.79 

18.78 

23.90 

41.94 

3.59 

XXIV.,  . 

Brewers'  grains. 

11.46 

12., 59 

26.14 

46.78 

3.03 

XXVII.,  . 

Soy  bean  meal,   .... 

13.41 

14.22 

24.83 

43.40 

4.14 

Sheep  III. 


XX.,  . 

Digestion  hay 

12.34 

13.71 

26.72 

43.29 

3.94 

XXI.,  . 

Apple  pomace,  .... 

11.08 

15.63 

25.75 

42.08 

5.46 

XXII.,  . 

Biles  XXXX  distillers'  grains. 

10.88 

19.60 

23.92 

42.25 

3.35 

XXIII.,  . 

Merchants  distillers'  grains,    . 

11.64 

19.53 

23.61 

41.76 

3.46 

XXIV.,  . 

Brewers'  grains,        .       . 

11.18 

12.29 

25.19 

48.00 

3.34 

XXV.,  . 

Malt  sprouts,       .... 

12.82 

15.06 

24.35 

44.27 

3.50 

XXVII.,  . 

Soy  bean  meal,    .... 

12.75 

14.28 

26.81 

41.67 

4.49 

XXVIII.,  . 

Hominy  meal 

13.06 

14.88 

24.06 

43.41 

4.59 

Dry   Matter  Determinations  made  at  the   Time  of  Weighing   out   the 
Different  Foods,  and  Dry  Matter  in  Air-dry  Mamire  (Per  Cent.). 

Sheep  I. 


i^-co 

33 

00 

KD 

^ 

^ 

to 

Pekiod. 

s 

5 

OJ  o 

p. 

< 

Mi 

00  v, 

C 
Is 

1 

3 

© 

o 

IS 

s 

o 

a 

q3 

CO 

53 

< 

XX.,  . 

85.59 

- 

- 

- 

- 

- 

- 

- 

- 

90.50 

XXI.,  . 

86.60 

18.. 56 

- 

- 

- 

- 

- 

- 

90.48 

XXII.,  . 

86.75 

- 

90.10 

- 

- 

- 

- 

- 

- 

94.66 

XXIII.,  . 

87.22 

- 

- 

91.23 

- 

- 

- 

- 

- 

93.24 

XXIV.,  . 

87.60 

- 

- 

- 

84.31 

- 

- 

- 

- 

93.12 
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Dry  Matter  Determinations  made  at  the  Time  of  Weighing  out  the 
Different  Foods,  and  Dry  Matter  in  Air-dry  Manure  {Per  Cent.)  — 
Concluded. 

Sheep  II. 


fl5 

8 

.  to 

a 

00 

3 

03 
a  a; 

"S 
V 

I 

Pekiou. 

.2* 

10 

a; 
so 

S 
a, 

f   OS 

2 

2 

p. 

1 

1 
>* 

II 

(5 

< 

w 

S 

w 

a 

a 

fct 

< 

XX.,  . 

85.59 

- 

- 

- 

- 

- 

- 

- 

90.32 

XXI.,  . 

86.60 

18.56 

- 

- 

- 

- 

- 

- 

- 

90.21 

XXII.,  . 

86.75 

- 

90.10 

- 

- 

- 

- 

- 

94.74 

XXIII.,  . 

87.22 

- 

- 

91.23 

- 

- 

- 

- 

93.15 

XXIV.,  . 

87.60 

- 

- 

- 

84.31 

- 

- 

- 

- 

93.00 

XXVII.,  . 

87.82 

- 

- 

- 

- 

- 

- 

- 

- 

93.23 

Sheep  III. 


XX.,  . 

85.59 

- 

- 

- 

- 

- 

- 

- 

- 

90.12 

XXI.,  . 

86.60 

18.56 

- 

- 

- 

- 

- 

- 

- 

89.78 

XXII.,  . 

86.75 

- 

90.10 

- 

- 

- 

- 

- 

- 

94.02 

XXIII.,  . 

87.22 

- 

- 

91.23 

- 

- 

- 

- 

93.11 

XXIV.,  . 

87.60 

- 

- 

- 

84.31 

- 

- 

- 

93.32 

XXV.,  . 

89.12 

- 

- 

- 

- 

85.55 

- 

- 

73.50 

93.56 

XXVII.,  . 

87.82 

- 

- 

- 

- 

- 

86.62 

- 

- 

93.40 

XXVIII.,. 

88.25 

- 

- 

- 

- 

- 

- 

88.48 

- 

92.91 
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PUBLIC    DOCUMENT  — No.  83. 


r»7 


Digestion  Hay.  —  Period  XX. 
Sheep  I. 


i 

< 

a 

'■§ 

o 

.a 

is 

ts 

^ 

900  grams  hay  fed, 

319.59  grams  manure  excreted 

770.31 

289.23 

58.77 
30.75 

92.67 
.33.70 

243.42 
92.21 

353.50 
122.81 

21.95 

9.78 

Grams  digested 

Per  cent,  digested, 

481.08 
G2.45 

28.02 
47.68 

58.97 
63.63 

1.51.21 
62.12 

230.69 
65.26 

12.17 
55.44 

Sheep  II. 

900  grams  hay  led, 

770.31 

58.77 

92.67 

243.42 

353.50 

21.95 

304.86  grams  manure  excreted,  . 

275.35 

33.26 

33.32 

79.13 

119.64 

10.00 

Grams  digested,     . 

494.96 

25.51 

59.35 

164.29 

23;3.86 

11.95 

Per  cent,  digested, 

64.25 

43.41 

64.04 

67.49 

66.16 

54.44 

Sheep  III. 


900  grams  hay  fed, 

300.70  grams  manure  excreted. 

Grams  digested 

Per  cent,  digested, 

Average  per  cent,  digested  (three  sheep), 


770.31 
270.99 


499.32 
64.82 


63.84 


58.7' 


92.67 


33.44   .37.15 


25.33 
43.10 


44.73 


,55.52 
59.91 


62.53 


243.42 
72.41 


353.50 
117.31 


171.01 
70.25 


66.62 


236.19 
66.81 


21.95 
10.68 


11.27 
51.34 


68.08  53.74 


Average  nutritive  ratio  of  rations  for  three  alieep,  1 :  7.29. 
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HATCH   EXPERIMENT   STATION. 


[Jan. 


Apple  Pomace.  —  Period  XXI. 
Sheep  I. 


G 

a 
£ 

Ph 

SI 

h 

a  " 
'A 

« 
^ 

600  grams  hay  fed 

1,200  grams  apple  pomace  fed,  . 

519.60 
222.72 

39.65 

8.75 

62.51 
11.27 

164.19 
36.01 

238.44 
155.90 

14.81 
11.79 

Total  consumed, 

291.36  grams  manure  excreted, 

742.32 
263.62 

48.40 
25.23 

73.78 
36.85 

200.20  394.34 
77.29111.77 

26.60 
12.47 

Amount  digested, 

Minus  bay  digested, 

478.70 
332.54 

23.17 
17.84 

36.93 
39.38 

122.91 
110.01 

282.57 
157.37 

14.13 

8.00 

Apple  pomace  digested. 

Per  cent,  digested,         .... 

146.16 
65.63 

5.33 
60.91 

- 

12.90 
35.82 

125.20 
80.31 

6.13 
51.99 

Sheep  II. 


Total  consumed  as  above 

276.90  grams  manure  excreted 

742.32 

249.79 

48.40 
26.43 

73.78 
35.55 

200.20 
67.17 

394.34 
106.66 

26.60 
13.99 

Amount  digested, 

Minus  bay  digested 

492.53 
;«2.54 

21.97 
17.84 

38.23 
39.38 

133.03 
110.01 

287.68 
157.37 

12.61 

8.00 

Apple  pomace  digested 

Per  cent,  digested 

l,i9.99 
71.83 

4.13 

47.20 

- 

2;h.02 

63.93 

130.31 
83.59 

4.61 
39.10 

Sheep  in. 


Total  consumed  as  above, 

257.81  grams  manure  excreted, 

742.32 
231.46 

48.40 
25.65 

73.78 
36.18 

200.20 
59.60 

394.34 
97.40 

26.60 
12.64 

Amount  digested 

Minus  hay  digested 

510.86 
332.54 

22.75 

17.84 

37.60 
39.38 

140.60 
110.01 

296.94 
157.37 

13.96 
8.00 

Apple  pomace  digested 

Per  cent,  digested, 

178.32 
80.06 

4.91 
56.11 

_ 

30.59 
84.95 

139.57 
89.53 

5.96 
50.56 

Average  per  cent,  digested  (three  sheep). 

72.51 

54.74 

- 

61.57 

84.48 

47.22 

Average  nutritive  ratio  of  rations  for  three  sheep,  1: 12.02. 
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Biles  Distillers'  Grains.  —  Period  XXII. 
Sheep  I. 


J3 

a 

1 

Oh 

bub 

« 

^ 

650  grams  hay  fed,       .... 
260  grams  Biles  distillers'  grains  fed, 

225.25 

43.02 
3.99 

67.83 
85.03 

178.19 
32.80 

258.76 
76.92 

16.07 
26.51 

Total  consumed 

283.76  grams  manure  excreted,  . 

789.13 
268.61 

47.01 
27.56 

152.86 
49.10 

210.99 
72.12 

335.68 
111.20 

42.58 

8.62 

Amount  digested,  .... 
Minus  hay  digested 

520.52 

360.88 
159.64 

70.87 

19.54 
19.36 

103.76 
42.73 

138.87 
119.39 

224.48 
170.78 

33.96 

8.68 

Biles  distillers'  grains  digested. 
Per  cent,  digested. 

- 

61.03 
71.77 

19.48 
59.39 

53.70 
69.31 

25.28 
95.36 

Sheep  II. 

Total  consumed  as  above 

279.77  grams  manure  excreted,         .... 

789.13 
265.05 

47.01 
28.63 

152.86 
50.70 

210.99 
65.04 

335.68 
112.09 

42.58 
8.59 

Amount  digested 

Minus  hay  digested 

524.08 
360.88 

18.38 
19.36 

102.16 
42.73 

145.95 
119.39 

223.59 
170.78 

33.99 
8.68 

Biles  distillers'  grains  digested. 

Per  cent,  digested 

163.20 
72.45 

- 

59.43 
69.39 

26.56 
80.98 

52.81 
68.66 

25.31 
95.48 

Sheep  III. 


Total  consumed  as  above, 

274.09  grams  manure  excreted 

789.13 
257.70 

47.01 

28.04 

152.86 
50.51 

210.99 
61.64 

335.68 

108.88 

42.58 
8.63 

Amount  digested 

Minus  hay  digested, 

531.43 

360.88 

18.97 
19.36 

102.35 
42.73 

149.35 
119.39 

226.80 
170.78 

33.95 

8.68 

Biles  distillers'  grains  digested, 

Per  cent,  digested, 

170.55 
75.71 

_ 

59.62 
70.12 

29.96 
91.34 

56.02 
72.83 

25.27 
95.32 

Average  per  cent,  digested  (three  sheep), 

73.01 

- 

70.59 

77.24 

70.43 

95.39 

Average  nutritive  ratio  of  rations  for  three  sheep,  1 : 4.34. 
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HATCH   EXPERIMENT   STATION. 


[Jan. 


Merchants  Distillers'  Grains.  —  Period  XXIII. 
Sheep  I. 


< 

a 
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o 
u 

u 

(2; 

■ha 

1^ 

650  grams  hay  fed, 

250  grams  merchauts  distillers'  grains  fed,     . 

566.93 
228.08 

43.26 
4.79 

68.20 
78.73 

179.15 
31.27 

260.16 
80.40 

16.16 
32.89 

Total  consumed, 

274.64  grams  manure  excreted 

795.01 
256.07 

48.05 
27.22 

146.93 
46.96 

210.42 
69.24 

340.56 
104.50 

49.05 
8.14 

Amount  digested 

Minus  hay  digested, 

538.94 
362.84 

20.83 
19.47 

99.97 
42.97 

141.18 
120.03 

236.06 
171.71 

40.91 
8.73 

Merchants  distillers'  grains  digested, 

Per  cent,  digested, 

176.10 
77.21 

1.36 
28.39 

57.00 
72.40 

21.15 
67.64 

64.35 
80.04 

32.18 

97.84 

Sheep  II. 


Total  consumed  as  above 

267.16  grams  manure  excreted, 

795.01 

248.86 

48.05 
29.34 

146.93 
46.74 

210.42 

59.48 

340.56 
104.37 

49.05 
8.93 

Amount  digested, 

Minus  hay  digested, 

.546.15 
362.84 

18.71 
19.47 

100.19 
42.97 

150.94 
120.03 

236.19 
171.71 

40.12 
8.73 

Merchants  distillers'  grains  digested, 

Per  cent,  digested, 

183.31 

80.37 

- 

57.22 

72.68 

30.91 
98.85 

64.48 
80.20 

31.39 
95.44 

Sheep  III. 


Totiil  consumed  as  above, 

268.76  grams  manure  excreted, 

795.01 
250.24 

48.05 
29.13 

146.93  210.42 

48.87   .59.08 

340.56 
104.50 

49.05 
8.66 

Amount  digested, 

Minus  hay  digested 

544.77 

362.84 

18.92 
19.47 

98.06 
42.97 

151.34 
120.03 

236.06 
171.71 

40.39 
8.73 

Merchants  distillers'  grains  digested, 

Per  cent,  digested, 

181.93 
79.77 

_ 

55.09 
69.97 

31.31 

100.00 

64.35 

80.04 

31.66 
96.26 

Average  per  cent,  digested  (three  sheep), 

79.12 

- 

71.68 

88.83  80.09 

1 

96.51 

Average  nutritive  ratio  of  rations  for  three  sheep,  1 : 4.78. 
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Dried  Brewers'  Grains.  —  Period  XXIV. 
Sheep  I. 


>> 

a 

2 
2 

1 

« 
f^ 

500  grams  hay  fed 

4lX)  grams  biTwers' {Trains  ft'd,  . 

438.00 
337.24 

33.42 
12.92 

52.69 

87.76 

138.41 

58.95 

201.00 
152.77 

12.48 

24.85 

Total  consunKMi, 

328.61  grams  manure  excreted, 

775.24 
306.00 

46.34 
30.42 

140.44 
35.65 

197.36 
87.91 

35;i.77 
143.76 

37.33 
8.26 

Amount  digested 

Minus  hay  digested 

469.24 
280.32 

15.92 
15.04 

104.79 
33.19 

109.45 
92.73 

210.01 
132.66 

29.07 
6.74 

Brewers'  grains  digested,    . 

Per  cent,  digested 

188.92 
56.02 

.88 

71.60 
81.60 

16.72 
28.36 

77.36 
50.63 

22.88 
89.36 

Sheep  II. 


Total  consumed  as  above 

308.06  grams  manure  excreted 

775.24 

286.50 

46.34 
32.83 

140.44 
36.07 

197.36 
74.89 

353.77 
134.02 

37.33 

8.68 

Amount  digested 

Minus  hay  digested 

488.74 
280.32 

13.51 
15.04 

104.37 
33.19 

122.47 
92.73 

219.75 
132.66 

28.65 
6.74 

Brewers'  grains  digested 

Per  cent,  digested, 

208.42 
61.80 

- 

71.18 
81.12 

29.74 
50.45 

87.09 
57.01 

21.91 

88.17 

Sheep  III. 


Total  consumed  as  above,  . 
290.43  grams  manure  excreted, 

Amount  digested,  . 
Minus  hay  digested,    . 

Brewers'  grains  digested,    . 

Per  cent,  digested, 

Average  per  cent,  digested  (three  sheep), 


5.24 
271.03 


604.21 
280.32 


223.89 
66.39 


61.40 


46.34 
30.30 


16.04 
15.04 


1.00 


140.44 
33.31 


197.36 

68.2' 


107.13129.09 
33.19   92.73 


73.94 

84.26 


36.36 
61.68 


82.33  46.83 


353.77 
130.09 


223.68 
132.66 


91.02 
.59.58 


55.74 


37.33 
9.05 

28.28 
6.74 


21.54 

86.68 


88.24 


Average  nutritive  ratio  of  rations  for  three  sheep,  1 : 4.14. 
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HATCH   EXPERI^VHiNT   STATION. 


[Jan. 


Malt  Sprouts.  — Period  XXV. 
Sheep  III. 


S 

OS 

1 

< 

a 
B 
2 

Ph 

■faw 

r* 

fe 

700  grams  English  hay  fed, 
42.14  grams  waste  hay, 

623.84 
30.97 

47.60 
2.36 

75.05 
3.73 

197.13 

9.79 

286.28 
14.21 

17.78 
.88 

Total  hay  consumed,     . 
200  grams  malt  sprouts  fed, 

592.87 
171. 10 

45.24 
8.50 

71.32 

48.37 

187.34 
27.79 

272.07 

83.87 

16.90 
2.57 

Total  consumed,    . 
268.33  grams  manure  excreted. 

763.97 
251.0.5 

.53.74 
32.18 

119.69 
37.81 

215.13 
61.13 

355.94 
111.14 

19.47 
8.79 

Amount  digested,  . 
Minus  hay  digested,     . 

512.92 
379.44 

21.56 
20.36 

81.88 
44.93 

154.00 
125.52 

244.80 
179.57 

10.68 
9.13 

Malt  sprouts  digested,  . 
Per  cent,  digested. 

133.48 

78.01 

1.20 

36.95 
76.39 

28.48 
102.50 

65.23 

77.78 

1.55 
60.31 

Nutritive  ratio  of  ration  for  Sheep  III.,  1 : 5.16. 

Soy  Bean  Meal.  — Period  XXVII. 
Sheep  II. 


- 

< 

a 
2 

u 

P  X 

1^ 

700  grams  hay  fed, 

200  grams  soy  bean  meal  fed, 

614.74 
173.24 

46.90 

8.97 

73.95 
72.64 

194.26 

7.62 

282.10 
50.98 

17.. 52 
33.02 

Total  consumed,     . 
245.80  grams  manure  excreted, . 

787.98 
229.16 

.55.87 
30.73 

146.59 
32.59 

201.88 
56.90 

333.08 
99.46 

50.. 54 
9.49 

Amount  digested,  . 
Minus  hay  digested,     . 

558.82 
393.43 

25.14 
21.11 

114.00 
46., 59 

144.98 
1.30.15 

233.62 
186.19 

41.05 
9.46 

Soy  bean  meal  digested. 
Per  cent,  digested. 

165.39     4.03 
95.46   44.93 

67.41 
92.80 

14.83 
194.62 

47.43   31.59 

93.04   95.67 

Sheep  III. 


Total  consumed  as  above,  . 
260.47  grams  manure  excreted. 

Amount  digested,  . 
Minus  hay  digested,     . 

Soy  bean  meal  digested. 
Per  cent,  digested, 

Average  percent,  digested  (two  sheep). 


.544.70 
393.43 


787.98 
243.28 


1.51.27 
87.32 


91.39 


55.87 
31.02 


24.85 
21.11 


3.74 
41.70 


43.32 


146.. 59 
34.74 


ni.a5 

46.59 


&5.26 
89.34 


91.07 


201.88 
65.22 


333.08 
101.37 


136.66 
130.15 


6.51 
85.43 


231.71 
186.19 


45.. 52 
89.29 


140.03;  91.17 


50.. 54 
10.92 


39.62 
9.46 


30.16 
91.34 


93.51 


Average  nutritive  ratio  of  rations  for  two  sheep,  1:4.11. 
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Hominy  Meal.  —  Period  XXVIII. 
Sheep  III. 


.a 

00 
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Ph 

0) 

"A 

08 

600  grams  hay  fed, 

300  grams  hominy  inoal  IVti, 

5'29.iiO 
•265.44 

40.40 
8.97 

63.70 
32.46 

167.3-2 
13.19 

'242.99 
184. '29 

15.09 
'26.5-2 

Total  consumed,     . 
'231.44  grams  manure  excreted, 

794.94 
•215.03 

49.37 

'28.08 

96.16 
32.00 

180.51 
51.74 

4'27.'28 
93.34 

41.61 

9.87 

Amount  digested,  . 
Minus  hay  digested,     . 

.579.91 

338.88 

•21. '29 

18.18 

64.16 
40.13 

1-28.77 
112.10 

333.94 
160.37 

31.74 
8.15 

Hominy  meal  digested. 
Per  cent,  digested, 

•241.03 
90.80 

3.11 

34.67 

'24.03 
74.03 

16.67 
1-26.55 

173.57 
94.18 

'23.59 

88.96 

Nutritive  ratio  of  ration  for  Sheep  III.,  1 :  8.32. 


Summarij  of  Coefficients. 


Ration. 


Sheep 
Number. 


?2 


Hay,        .... 

Average, . 
Apple  pomace, 

Average, . 
Biles  distillers'  grains, 

Average, . 
Merchants  distillers'  grain 

Average,  . 
Dried  brewers'  grains. 


Average, . 
Malt  sprouts. 

Soy  bean  meal, 

Average, . 
Hominy  meal, 


Sheep  I. 
Sheep  11. 
Sheep  III. 


Sheep  I. 
Sheep  II. 
Sheep  III. 


Sheep  I., 
Sheep  II. 
Sheep  III 


Sheep  I., 
Sheep  II., 
Sheep  III., 


Sheep  I. 
Sheep  II. 
Sheep  III. 


Sheep  HI.- 

Sheep    II.- 
Sheep  III.; 


Sheep  III., 


6'2.45 
64. '25 
64.82 


47.68 
43.41 
43.10 


63.63 
64.04 
59.91 


62.12 
67.49 
70. '25 


63.84 

65.63 
71.83 
80.06 


44.73 

60.91 
47.20 
56.11 


72.51 

70.87 
72.45 
75.71 


54.74 


62.53 


71.7 

69.39 

70.12 


66.62 

35.82 
63.93 

84.95 

61.57 

59.39 
80.98 
91.34 


65.26 
66.16 
66.81 

66.08 

80.31 
83.59 
89.53 


55.44 
54.44 
,51.34 

53.74 

51.99 
.39.10 
50.56 


84.48 

69.31 
68.66 
72.83 


47.22 

95.36 
95.48 
95.3'2 


73.01 


77. '21 

80.37 
79.77 


70.53 

72.40 
72.68 
69.97 


77.24 

67.64 
98.85 
100.00 


70.43 

80.04 
80. '20 
80.04 


95.39 

97-84 
95.44 
96.-26 


79.12 


56.02 
61.80 
66.39 


71.68 

81.60 
81.12 
84.26 


88.83 

-28.36 
50.45 
61.68 


80.09 

.50. 6;^ 
.57.01 
.59., 58 


96.51 

89.36 

88.17 
86.68 


61.40 
78.01 


95.46 

87., 32 


44.93 
41.70 


82.33 
76.39 

92.80 
89.:J4 


46.83 
102.50 


Ut4.62 
85.43 


55.74 
77.78 

93.04 
89.-29 


88.24 

60.31 

95.67 
91.;i4 


91.39 
90.80 


43.32 
34.67 


91.07 
74.03 


140.03 
126.55 


91.17 
94,18 


93.51 
88.95 
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Discussion  of  the  Results. 

Digestion  Hay.  —  The  hay  was  largely  Kentucky  blue- 
grass  [J^oa  jjratensis),  cut  in  bloom,  and  was  employed  in 
all  of  the  several  tests  herein  reported.  It  showed  a  high 
degree  of  digestibility. 

Apple  Pomace.  —  The  pomace  was  taken  fresh  from  the 
cider  mill,  and  contained  18.56  per  cent,  of  dry  matter.  It 
is  the  first  digestion  test  of  such  material  on  record,  cither 
in  Europe  or  the  United  States.  The  sheep  did  not  digest 
it  as  evenly  as  could  be  desired,  although  they  ate  it  satis- 
factorily, and  no  digestion  disturbances  were  noted.  The 
percentage  of  crude  protein  (5.06  in  dry  matter)  was  small, 
and  no  coefficients  Avere  obtained.  This,  in  all  probability, 
was  partly  due  to  the  "  digestion  depression  "  known  to  take 
place  when  feeds  especially  high  in  carbohj^drates  are  added 
to  a  hay  ration,  the  effect  being  particularly  noticeable  in 
the  protein,  and  to  a  less  extent  in  the  fiber.  The  pomace 
contained  fully  as  much  digestible  matter  as  silage  made 
from  the  smaller  varieties  of  corn.  Whether,  per  unit  of 
dry  matter,  it  is  as  valuable  a  feed  as  corn  silage,  is  rather 
uncertain.     This  point  will  be  ascertained  later. 

Distillers'  Dried  Grains. — Considerable  has  been  said 
concerning  the  source,  composition  and  digestibility  of  distil- 
lers' grains  in  the  thirteenth  report  of  this  station.  Briefly 
stated,  these  feeds  represent  the  residue  in  the  manufacture 
of  alcohol,  spirits  and  whiskey  from  the  several  cereals,  and 
are  composed  chiefly  of  the  hull,  germ  and  })rotein  matter  of 
the  grains.  In  the  better  class  of  such  material,  containing 
28  or  more  per  cent,  of  protein,  the  residue  consists  largely 
of  corn.  In  the  most  modern  plants,  the  distillery  sloj),  hot 
from  the  stills,  is  dried  immediately  in  especially  constructed 
driers,  and  has  a  slightly  sour  taste  and  smell.  One  of  the 
two  samples  herein  reported  — the  merchants  — had  a  slightly 
burned  taste,  which  is  not  to  be  desired.  The  grains  are  now 
sold  in  Massachusetts  markets  under  the  following  names  : 
Biles  XXXX  Grains,  Ajax  Flakes,  Merchants  Grains,  Hall's 
AAAA  Grains,  Atlas  Gluten  Meal  and  Corn  Protegran. 

Both  samples   here  reported   showed  a  high   degree   of 
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digestibility.  The  sami)le  of  JVlercliants  grains  proved  about 
6  percent,  more  digestible  than  the  "  Fourex  "  brand,  due 
probablj^  to  the  character  of  the  cereals  used  in  the  masli. 
The  dirt'erence  was  principally  in  the  extract  matter.  Com- 
paring the  coefficients  obtained  with  Sheep  III.,  the  differ- 
ence in  case  of  the  total  dry  matter  is  reduced  to  4  per  cent. 
Marked  differences  are  observed  in  the  digestibility  of  the 
fiber.  Such  variations  in  fiber  digestibility  are  character- 
istic of  all  grains  and  grain  by-products.  This  matter  will 
be  referred  to  farther  on. 

In  this  connection  it  will  doul)tless  prove  of  interest  to 
summarize  the  results  obtained  at  this  station  with  7  differ- 
ent samples  of  distillers'  grains  :  — 


Composition  of  the  Grains  {Per  Cent.). 


Brand. 


Water. 


Ash. 


Protein. 


Fiber. 


Nitrogen- 
free 
Extract. 


Fat. 


Biles  X, 
Biles  XX,  . 
Biles  XXX,  . 
Biles  XXXX, 
Biles  XXXX, 
Merchants,  . 
Atlas,  . 
Average, 


8.91 
9.53 
7.46 
8.83 
9.45 
8.77 
8-96 


8.84 


1.68 
2.44 
2.05 
1.70 
1.55 
l.i)2 
.94 


1.75 


29.15 
25.49 
29.86 
34.76 
35.46 
31.49 
38.80 


9.58 
11.22 
10.28 
11.40 
13.00 
12.51 

8.86 


32.14 


10.98 


40.03 
41.80 
38.52 
33. .50 
29.87 
32.15 
28.08 


34.85 


10.65 
9.52 
11.83 
9.81 
10.67 
13.16 
14.36 


11.43 


The  percentage  of  ash  is  Ioav,  as  would  naturally  be  ex- 
pected. Its  exact  character  has  not  been  determined.  The 
protein  percentage  is  relatively  high,  and  varies  consider- 
ably, depending  upon  the  material  used.  The  brands  offered 
in  Massachusetts  have  been  guaranteed  to  contain  33  and  34 
per  cent.  Considerable  fiber  is  present,  as  a  result  of  the 
incorporated  grain  hulls.  The  fiber  and  extract  matter  must 
show  a  very  considerable  amount  of  pentosans,  although 
determinations  have  not  been  made.  The  fat  percentage  is 
quite  high,  being  similar  in  quantity  to  that  contained  in 
the  corn  gluten  feed,  before  the  corn  oil  was  extracted. 
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Digestion  Coefficients  of  Distillers^  Dried  Grains  (Per  Cent.). 
[All  experiments.] 


Number  of 
Sheep. 


Brand. 


Sheep  I., 
Sheep  III., 
Sheep  I., 
Sheep  VI., 
Sheep  II., 
Sheep  VI., 
Sheep  I., 
Sheep  VI., 
Sheep  I., 
Sheep  II., 
Sheep  III., 
Sheep  IV., 
Sheep  v., 
Sheep  VI., 
Sheep  III., 
Sheep  IV., 
Average, 


Biles  X  grains,  . 
Biles  X  grains,  . 
Biles  XX  grains. 
Biles  XX  grains, 
Biles  XXX  grains, 
Biles  XXX  grains. 
Biles  XXXX  grains 
Biles  XXXX  grains 
Biles  XXXX  grains 
Biles  XXXX  grains 
Biles  XXXX  grains 
Merchants  grains, 
Merchants  grains. 
Merchants  grains, 
Atlas  gluten  meal. 
Atlas  gluten  meal, 


S 


0) 

<u 

a^ 

a 

u 

a  " 

u 

-s 

o 

.0 

.■§w 

< 

Ph 

S, 

'A 

cS 


86.50 
87.07 
88.53 
79.77 
79.88 
71.41 
79.82 
73.47 
70.87 
72.45 
75.71 
77.21 
80.37 
79.77 
79.53 
79.75 


78.88 


20.24 

65.51 

130.11 

93.12 

- 

80.05 

127.56 

85.15 

13.91 

79.94 

122.75 

'88.22 

- 

76.50 

97.22 

79.77 

- 

73.41 

108.91 

78.03 

- 

74.01 

66.03 

72.69 

- 

72.08 

102.77 

81.12 

- 

69.22 

81.78 

76.73 

- 

71.77 

59.39 

69.31 

- 

69.39 

80.98 

68.66 

- 

70.12 

91.34 

72.83 

28.39 

72.40 

67.64 

80.04 

- 

72.68 

98.85 

80.20 

- 

69.97 

100.00 

80.04 

- 

73.04 

94.88 

84.00 

- 

72.56 

116.50 

84.91 

- 

72.67 

96.67 

79.68 

93.94 

97.60 
94.45 
94.87 
91.78 
93.95 
96.99 
98.46 
95.36 
95.48 
95.32 
97.84 
95.44 
96.26 
92.43 
90.06 


95.01 


As  a  result  of  1(3  sins^le  digestion  trials  with  6  different 
samples,  several  points  may  be  noted  :  — 

(a)  The  dry  matter  coefficients  differed  considerably,  but 
the  grains  showed  a  high  average  digestibility. 

(b)  The  ash  was  apparently  little  digested.  Whether 
this  was  literally  true,  or  whether  a  portion  of  it  was  sub- 
stituted for  the  digestible  ash  of  the  hay,  is  not  clear. 

(c)  The  protein  in  the  several  brands  was  quite  evenly 
digested,  except  in  the  first  two  samples. 

(d)  The  fiber  showed  marked  variations  in  digestibility,  in 
common  with  all  feeds  of  similar  character.  While  it  has  been 
generally  held  that  nitrogenous  feed  stuff's  do  not  affect  the 
normal  digestibility  of  the  coarse  fodders  they  supjilement, 
it  certainly  seems  reasonable  to  conclude  that  the  addition 
of  200  to  250  grams  of  the  distillers'  grains  to   the    hay 
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ration,  giving  a  nutritive  ration  of  1:4,  has  resulted  in  in- 
creasing the  digestibility  of  the  fiber  in  the  hay  ;  Avhich  ac- 
counts, in  the  majority  of  cases,  for  the  apparently  very  high 
digestion  coefficients  obtained,  Adniittino;  this  to  be  the 
case,  the  fact  still  remains  that,  while  the  digestion  coefficient 
for  the  fiber  is  rather  of  an  uncertain  quantity,  it  must  be 
regarded  as  relatively  high. 

(e)  The  extract  matter  digested  in  the  several  samples 
diflered  to  a  noticeable  extent,  depending  probably  upon  the 
nature  of  the  material  composing  it,  the  way  in  which  it  is 
united  with  the  crude  fiber,  and  also  upon  the  digestive 
capacity  of  the  sheep.  Other  things  being  equal,  animals  in 
normal  condition  should  digest  substantially  equal  quantities 
of  the  same  feed  stufl\  when  fed  under  similar  conditions. 
It  often  happens,  however,  that  one  or  the  other  animal  will 
be  a  trifle  out  of  condition  without  giving  any  external  evi- 
dence of  it,  and  hence  will  digest  rather  more  of  one  fodder 
group  and  less  of  another. 

Attention  is  called  to  the  fact  that  the  higher  the  diges- 
tion coefficients  obtained  for  the  fiber,  the  higher  are  those 
obtained  for  the  extract.  This  is  undoubtedly  due  to  the 
intimate  chemical  and  physiological  relations  known  to  exist 
between  these  two  fodder  groups. 

(/)  The  fat  was  quite  evenly  and  largely  digested. 
Dried  Brewers'  Grains.  —  These  were  gmins  of  good 
quality,  and  of  a  fresh,  bright  color.  Sheep  I.  showed  its 
inability  to  digest  the  fiber  and  extract  matter  as  well  as  the 
other  sheep,  and  even  Sheep  II.  did  not  utilize  the  fiber  as 
well  as  Slieep  III.  The  average  coefficients  for  the  three 
sheep  corresponded  quite  well  with  former  experiments  made 
at  this  station,  and  also  with  German  experiments  ;  except- 
inof  that  in  case  of  the  American  tests  the  coefficients  for  the 
protein  and  fiber  are  somewhat  higher,  and  the  extract  mat- 
ter 4  per  cent,  lower. 

Malt  Sprouts.  —  These  were  of  average  quality.  They 
contained  an  exceptionally  large  portion  of  their  nitrogen, 
42.29  per  cent.,  in  the  form  of  amids.  The  experiment 
was  conducted  with  three  sheep,  but  Sheep  I.  and  Sheep  11. 
digested  so  much  less  fiber  and  extract  matter  than  is  cus- 
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tomary  that  the  results  with  these  two  sheep  were  discarded, 
and  the  test  will  be  repeated.  Only  one  other  American  test 
with  a  single  animal  is  on  record,  and  showed  considerably 
less  fiber  and  extract  matter  digested  than  that  obtained  in 
the  present  experiment.  The  present  single  test  agrees 
fairly  well  with  the  seven  German  trials  reported. 

Soy  Bean  Meal  (^Br-ook's  Medium  Green).  — This  variety 
is  by  far  the  best  suited  to  northern  conditions.  The  sam- 
ple was  grown  upon  the  station  grounds,  and  was  coarsely 
ground  before  being  fed.  The  seed  is  green  in  color,  and 
similar  in  size  to  dwarf  garden  peas.  The  bean  contained 
(jl  per  cent,  of  protein  and  fat,  and  these  two  ingredients 
are  shown  to  be  91  and  93  per  cent,  digestible.  The  extract 
matter,  29.43  per  cent.,  was  91  per  cent,  digested.  The 
coefficients  of  digestibility  obtained  for  the  fiber  are,  of 
course,  incorrect,  due  probabl}'^  to  the  favorable  influence 
of  the  soy  bean,  a  nitrogenous  feed  stufl",  in  increasing  the 
digestibility  of  the  hay  carbohydrates.  It  can  be  assumed 
that  the  fiber  contained  in  the  soy  bean  has  a  high  rate  of 
digestibility.  The  small  amount  present,  4.40  per  cent., 
renders  a  knowledge  of  the  exact  percentage  digestible  of 
minor  importance. 

The  three  American  digestion  trials,  with  an  unnamed 
variety,  reported  in  Lindsey's  compilation,  show  the  pro- 
tein and  fat  to  have  been  nearly  as  well  digested  as  those  in 
the  present  trial.  The  fiber  and  extract  matter,  on  the  other 
hand,  had  noticeably  lower  digestion  coeflicients  (33  and  71). 
In  the  two  German  trials  reported  the  protein  and  fat  are 
respectively  87  and  94  per  cent.,  and  the  extract  matter  62 
per  cent,  digestible,  while  the  digestibility  of  the  fiber  is  not 
stated. 

It  is  evident,  from  all  trials  thus  far  made,  that  the  protein 
and  fat,  comprising  from  50  to  60  per  cent,  of  the  bean  is 
very  fully  digested.  Whether  the  high  digestibility  of  the 
fiber  and  extract  in  the  present  experiment  is  due  to  the 
variety  of  the  bean,  or  is  a  peculiarity  of  the  sheep  employed, 
will  be  determined  by  further  tests. 

Ilomimj  Meal,  or  Cho]).  —  As  used  for  cattle  feeding  this 
consists  of  the  hull,  germ  and  some  of  the  gluten  and  soft 
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starch.  The  sample  tested  for  digestibility  was  of  good 
average  quality.  The  present  trial  was  made  with  three 
sheep,  but  Sheep  I.  and  Sheep  II.  digested  so  unevenly 
that  the  results  were  discarded,  it  being  evident  that  their 
digestion  powers  had  become  weakened  b}^  continued  use. 
The  results  with  Sheej)  III.  show  the  hominy  to  be  fully 
as  digestible  as  corn  meal.  The  addition  to  the  hay  of  even 
a  carbohydrate  feed,  such  as  hominy,  seemed  to  have  in- 
creased the  digestibility  of  the  fiber  in  the  hay,  judging 
from  the  coefficients  obtained  for  the  hominy  fiber. 
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C.     Raising  Dairy  Calves  without  Milk. 


.T.    B.    LINDSEY. 


With  plenty  of  skim  milk  available,  the  rearing  of  calves 
intended  for  the  dairy  is  a  comparatively  simple  matter. 
There  is,  however,  a  constantly  increasing  demand  in  Mas- 
sachusetts for  whole  milk,  and  the  amount  available  for  but- 
ter production  is  likely  to  diminish  from  year  to  year.  With 
little  or  no  skim  milk  at  his  disposal,  the  dairyman  desirous 
of  irrowing;  his  own  younji;  stock  is  in  need  of  a  milk  sub- 
stitute  to  feed  the  calf  during  the  first  four  to  six  months 
of  its  life.  The  brief  experiment  here  reported  was  made 
to  test  the  efficacy,  for  such  a  purpose,  of  Hayward's  and 
Blatchford's  calf  meals. 


(1)  Hayward's  Calf  Meal. 

Hayward  of  the  Pennsylvania  experiment  station  studied 
the  question  of  providing  a  cheap  and  suitable  milk  substi- 
tute, and  published  his  results  in  Bulletin  No.  60  of  that 
station.  He  succeeded  in  rearing  ten  unselected  grade 
Guernsey  calves  without  the  aid  of  milk  after  the  first  four- 
teen to  eighteen  days.  Most  of  the  calves  weighed  from  150 
to  250  pounds  when  from  four  to  five  months  old,  and  were 
produced  at  a  food  cost  of  from  |8  to  $9  each.  He  concluded 
that  the  calf  meal  was  a  fairly  satisfactory  milk  substitute, 
if  used  judiciously  by  careful  feeders,  but  that  it  was  not 
equal  to  whole  milk. 

The  formula  proposed  by  Hayward  for  the  meal  was  as 
follows  :  — 


Wheat  hour,  . 
Cocoaniit  meal, 
Nutrium, 
Linseed  meal, 
Dried  l)lood,   . 


Poiinda. 
30 
25 
20 
10 
2 
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Hay  ward  finployed  whole  wheat,  grown  at  the  station  and 
ground  by  the  local  miller.  In  the  test  about  to  be  reported 
St.  Louis  flour  at  a  cost  of  2  cents  a  i)ound  was  used. 

Cocoanut  meal  is  a  by-product  in  the  maiuitacture  of 
cocoanut  oil,  and  was  obtained  of  the  India  Product  Food 
Company,  aO  Chatham  Street,  Boston,  Mass.  It  has  a  (K^- 
cided  cocoanut  odor,  and  tested  21.11  percent,  of  protein 
and  19.23  per  cent,  of  fat.  Cocoanut  oil  is  likely  to  become 
rancid  after  a  brief  period.  Hay  ward  believed  it  to  have 
quite  a  favorable  eft'ect  as  a  part  of  the  calf  meal. 

Nutrium  is  a  powder  prepared  by  the  National  Nutrient 
Company  of  Jersey  City,  N.  J.,  and  is  simply  skim  milk 
evaporated  at  a  low  temperatiu-e.  It  was  very  dry  and  fine, 
and  kept  well.  This  company  also  puts  out  the  same  article 
in  granular  form,  but  the  powder  is  to  be  preferred. 

Dried  blood,  especially  prepared  for  feeding  purposes,  is 
oflfered  by  the  Armour  Fertilizer  Works  and  by  Swift  &  Co. 
of  Chicao-o.  It  is  also  to  be  had  of  the  agricultural  ware- 
houses  in  the  large  cities.  It  was  employed  by  Hay  ward  to 
check  scours. 

Cost  jicf  Pound  of  Each  Bigredient  and  of  the  Mixture. 


Pounds. 


Cost 
(Cents) . 


Total. 


Wheat  flour,     . 
Cocoanut  meal, 
Nutruini,   . 
Linseed  meal,  . 
Blood, 


2 
10 

41 


$0  60 

38 

2  00 

15 

08 


87 


$3  21 


>  In  small  quantities. 

The  cost  per  pound  figures  3.7  cents,  and  to  this  must  be 
added  the  freight  charges  on  the  nutrium,  cocoanut  meal  and 
blood.  Those  who  are  desirous  of  trying  this  mixture  would, 
of  course,  purchase  these  ingredients  in  larger  quantities  than 
the  above,  but  it -is  doubtful  if  the  meal  could  be  prepared 
for  much  less  than  4  cents  a  pound. 

MetJiod  of  Feeding  the  Meal.  — This  station  tested  the  calf 
meal,  using  two  unselected  thrifty  gmde  Jersey  calves,  a 
bull  and  a  heifer.  The  several  ingredients  were  in  such 
good  mechanical  condition  that  it  was  not  necessary  to  grind 
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the  mixture.  It  may  not  be  out  of  place  to  add  that  the 
meal  should  be  line,  and  free  from  any  coarse  particles. 

One  pound  was  thoroughly  stirred  into  8  pounds  of  very 
hot  water,  and  allowed  to  stand  until  milk-warm,  in  which 
condition  it  was  fed.  Hay  ward  used  6  pounds  of  water  to 
a  pound  of  meal,  and  employed  a  calf  feeder  ;  but  in  our  case 
it  was  considered  better  to  teach  the  animals  to  drink  at 
once. 

The  calves  were  fed  whole  milk  for  the  first  nine  to  four- 
teen days,  and  then  skim  milk  and  calf  meal  gradually  sub- 
stituted, whole  milk  being  entirely  taken  away  at  the  end 
of  three  weeks.  Three  quarts  of  skim  milk  were  fed  daily, 
in  addition  to  the  calf  meal,  until  the  calves  were  four  or 
five  weeks  old,  when  both  calves  were  placed  upon  an  entire 
diet  of  calf  meal.  Hay  ward  used  the  calf  meal  entirely  after 
the  first  ten  da}  s,  but  it  seemed  wiser  to  the  writer  to  allow 
some  milk  for  a  longer  period,  and  thus  give  the  animals  a 
better  start.  Three-fourths  of  a  pound  of  the  meal  was  fed 
at  first,  and  the  amount  graduall}^  increased,  until  at  the 
close  of  the  experiment  Calf  I.  was  receiving  3  pounds  and 
Calf  II.  2  pounds  of  the  meal  daily. 


Arerfujc  Daily  lUrord  of  Each  Calf. 


Days 

entirely 

on 

Milk. 

Average 
Amount 

Daily 
(Quarts) . 

Days  partly  on  Milk, 

PARTLY  ON  Meal  (Amount 

Daily). 

Days. 

Milk 
(Quarts). 

Meal 
(Pounds). 

Calf  I 

Calf  II.,        .... 

14 
9 

5.7 

lit 
If) 

4.3 
4.3 

1 
1 

Average  Daily  Record  of  Each  Calf — Concluded. 

Days  entirely 
ON  Meal 
(Amount). 

Days  partly  on  Milk 

AFTER   feeding  MEAL 

as  Entire  Ration. 

Total 
consumed. 

Days. 

Amount 
(Pounds.) 

Days. 

Milk 
(Quarts). 

Milk            Meal 
(Quarts).  (Pounds). 

Calf  I.,    . 
Calf  II.,  . 

143 
101 

2.50 
2.20 

2 
44 

4.0 
2.6 

1.52  1 
22il  2 

.374.0 
.■i0(i.5 

1  Whole  milk,  93  quarts;  skim  milk,  .59  quarts. 
*  Whole  milk,  m  iniarls;  skim  iiiilU,  KH)  ijuarts. 
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Effect  of  the  Calf  JSIeal.  —  Xo  serious  trouble  was  cx})eri- 
enced  with  cither  calf  until  February  12,  when  Calf  II.  suf- 
fered a  bad  attack  of  indigestion,  which  rendered  it  necessary 
to  take  awa}^  a  considerable  portion  of  the  meal  and  substi- 
tute skim  milk  ;  and  this  animal  was  still  receiving  some  milk 
when  the  experiment  terminated,  although  she  recovered  and 
made  good  gains.  On  January  5  the  supply  of  cocoanut 
meal  became  exhausted,  and  flour  middlings  was  used  in  its 
place  until  March  10.  The  continued  use  of  the  middlings 
may  have  lieen  a  partial  cause  of  the  trouble.  (Ailf  I.  was 
rather  more  robust,  and  experienced  only  a  slight  digestion 
disturbance  about  the  middle  of  February,  when  a  portion 
of  the  meal  was  replaced  by  skim  milk  for  two  days.  While 
the  calves  did  not  have  as  sleek  an  appearance  as  animals 
raised  on  a  whole  milk  diet,  they  were  certainly  in  a  thrifty 
growing  condition,  and  at  the  close  of  the  trial  appeared 
especially  vigorous. 

Weekly  Weights  of  Calves  (^Pounds'). 


Dates. 

Calf  I. 

Calf  II. 

Dates. 

Calf  I. 

Calf  II. 

November  10, 

95  I 

85" 

February    2, 

190 

182 

November  17, 

105 

95 

February    9, 

203 

191 

November  24, 

no 

97 

February  l(i, 

210 

177  » 

December    1, 

115 

105 

February  23, 

222 

1S5 

December    8, 

122 

112 

March         2, 

235 

185 

December  15, 

130 

120 

March         9, 

247 

197 

December  22, 

142 

130 

March        16, 

252 

218 

December  29, 

147 

135 

March        23, 

263 

225 

January      5, 

157 

145 

March        30, 

277 

235 

Janiiary     12, 

- 

- 

April           6, 

295 

250 

January     19, 

167 

152 

April          13, 

310 

260 

January     26, 

170 

170 

*  Just  after  beginning  calf  meal,  three  weeks  after  birth. 

'  Just  after  beginning  calf  meal,  two  and  one-half  weeks  after  birth. 

'  111  with  indigestion. 


It  will  be  seen  from  the  above  tables  that  the  calves  made 
a  fair  growth  during  the  experiment,  especially  during  the 
last  month  of  the  trial.  Calf  I.  weighed  310  pounds  when 
six  months  old,  and  made  an  average  daily  growth  of  1.4 
pounds  while  receiving  the  calf  meal ;  while  Calf  II.  weighed 
260  pounds  when  five  and  one-half  months  old,  and  gained 
1.1  pounds  daily  on  the  calf  meal. 

Cost  of  Feed  Confmmed.  —  Allowing  3  cents  a  quart  for 
the  whole  milk,  i  cent  a  quart  for  the  skim  milk  and  4  cents 
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a  pound  for  the  calf  meal,  the  food  cost  in  case  of  Calf  I.  was 
$20.20,  and  m  case  of  Calf  II.  $15.11.  If  the  calves  had 
been  fed  largely  calf  meal  at  the  end  of  the  second  week, 
this  cost  would  have  been  somewhat  reduced.  Again,  the 
calves  might  have  been  transferred  a  month  earlier  to  a  hay 
and  grain  diet.  The  object,  however,  in  the  present  test 
was  not  to  ascertain  the  minimum  cost  of  raising  the  calf, 
but  rather  to  note  the  effect  of  the  calf  meal  duringf  the  first 
five  or  six  months  of  the  animal's  life, 

OonclusioHS .  —  1.  It  is  evident  that,  with  reasonable  care 
and  cleanliness,  calves  can  be  successfully  reared  on  Hay- 
ward's  calf  meal. 

2.  The  meal  is  to  be  preferred  only  when  a  supply  of  skim 
milk  is  not  available,  or  as  a  substitute  for  a  portion  of  the 
milk. 

3.  The  cost^  is  likely  to  be  somewhat  greater  than  when 
skim  milk  can  be  had  at  two  cents  a  gallon.  The  expense 
of  the  meal  is  largely  due  to  the  nutrium,  yet  it  is  doubtful 
if  a  mixture  as  satisfactory  for  young  calves  could  be  obtained 
without  the  use  of  this  substance. 

4.  The  meal  is  evidently  better  utilized  by  calves  after 
they  are  three  months  old  than  before  that  period. 

5.  The  best  method  to  be  employed  would  probably  be  to 
allow  the  calf  to  suck  the  cow  for  the  first  two  days,  then 
feed  whole  milk  for  five  days,  to  be  followed  by  half  whole 
and  half  skim  milk  for  a  week,  gradually  reducing  the  whole 
milk,  so  that  at  the  beginning  of  the  fourth  week  the  diet 
may  consist  of  3  quarts  of  skim  milk  and  |  to  one  pound  of 
the  meal,  dissolved  in  the  necessary  hot  water.  At  the  end 
of  the  fourth  week  the  skim*  milk  may  be  dropped,  and  the 
calf  put  upon  a  diet  of  2  pounds  of  the  calf  meal  a  day. 
Slight  modifications  may  be  made  in  this  method  depending 
on  the  condition  of  the  animal. 


'  The  writer  has  grown  seven  unselected  young  calves,  having  an  average 
weight  when  three  days  old  of  73  pounds,  to  an  average  weight  when  ten  weeks 
old  of  173  pounds,  on  skim  milk,  together  with  such  common  grains  as  corn 
meal,  wheat  flour,  flour  middlings  and  gluten  feed,  at  an  average  food  cost  of 
$4.80  each.  By  this  method  of  feeding,  calves  ought  to  be  produced  that  will 
weigh  200  to  300  pounds  when  five  months  old,  at  a  food  cost  not  exceeding  $9  or 
$10.     (See  eleventh  report  of  Massacliusetts  State  Experiment  Station,  p.  125.) 
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6.  It  may  be  possible  to  modify  the  meal  by  replacing  the 
cocoanut  meal  with  some  more  common  feeding  stufls,  al- 
though Hayward  did  not  succeed  in  finding  a  satisfactory 

substitute. 

(2)   BJatchford's  Calf  Meal. 

This  material,  put  out  by  the  Barwell  Mills,  at  Waukegan, 
111.,  is  highlj^  recommended  by  the  manufacturers  as  a  milk 
substitute.  It  is  composed  principally  of  linseed  meal, 
beans,  carob  beans,  cotton-seed  meal  and  fenugreek,  and  re- 
tails at  ?>l  cents  a  pound.  It  has  a  very  pronounced  odor 
and  flavor. 

Hoiv  the  Meal  ivafi  fed.  —  This  article  was  tested  by  feed- 
ing it  to  one  rugged  grade  Holstein  calf,  dropped  Dec.  11, 
1902.  Unfortunately,  the  detailed  record  of  the  early  part 
of  this  test  has  been  lost,  although  some  notes  are  on  hand. 
The  calf  was  first  fed  Avhole  milk,  a  little  later  whole  and 
skim  milk,  and  at  the  end  of  two  or  three  weeks  the  calf 
meal  gradually  substituted.  The  calf  at  first  objected  to  the 
odor  or  taste  of  the  meal,  and  never  seemed  to  thoroughly 
relish  it,  although  no  serious  difficulty  was  found  in  induc- 
ing the  animal  to  take  it.  One  pound  of  the  meal  was 
added  to  6  pounds  of  hot  water,  thoroughly  stirred  and  fed 
milk- warm.  It  was  not  possible  to  place  the  calf  entirely 
upon  the  meal  for  a  considerable  time,  hence  the  daily  feed 
consisted  of  4  quarts  of  skim  milk  and  2  pounds  of  the  calf 
meal  with  the  necessary  water.  On  March  23,  when  a  little 
over  three  months  old,  the  calf  was  receiving  2|  pounds  of 
the  meal  daily,  and  continued  to  take  this  quantity  without 
other  food  until  the  expermient  terminated.  May  4,  the  calf 
then  being  approximately  four'and  one-half  months  old. 


Weight  of  the  Calf. 

March  23  (tirst  record) ,     . 

March  30, 

April  6, 

April  13,    . 

April  20,    . 

April  27,    . 

May  14,     . 


Pounds. 
203.5 

205.0 

214.5 

221.0 

232.0 

242.0 

251.0 
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The  animal  did  not  suiter  any  serious  digestion  disturb- 
ances, and  certainly  grew  well,  as  the  above  weights  indicate, 
making  an  average  increase  of  1.15  pounds  daily  during  the 
last  forty-two  days  of  the  test. 

Condusions.  —  The  above  single  trial  is  not  sufficient  to 
enable  one  to  draw  any  absolute  conclusions.  The  writer, 
however,  observed  the  calf  closely  during  the  trial,  and  be- 
lieves he  is  justified  in  making  the  following  statements  :  — 

1.  Blatchford's  calf  meal  is  hardly  as  satisfactory  as  the 
Ilayward  mixture  during  the  first  three  months  of  the  calf s 
life,  and  it  will  probably  })rove  necessary  to  feed  one-third 
skim  or  whole  milk  and  tAvo-thirds  meal  during  this  period. 

2.  Used  as  above  indicated,  it  proved  quite  satisfactory'  in 
the  present  single  trial,  can  undoubtedly  be  depended  upon 
as  a  partial  milk  substitute  for  calves  under  three  months  of 
ao-e,  and  can  be  used  as  the  entire  food  after  that  time  and 
until  the  animal  is  ready  for  hay  and  the  more  common 
grains  (five  to  six  months). 

3.  It  is  possible  that  delicate  calves  would  not  thrive  as 
well  upon  the  meal  as  the  one  in  the  present  trial. 

4.  The  Blatchford  meal  was  in  good  mechanical  condition, 
and  cannot  be  considered  especially  expensive. 
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KEPORT   OF   THE   CHEMIST. 


DIVISION   OF    FERTILIZERS   AND   FERTILIZER 
MATERIALS. 


(CHARLES    A.    GOESSMANN. 

Assistants :    henki  i>.  haskins,  james  e.  iialligan,  richakd 

II.    ROBERTSON. 


Part     L  —  Report  on  Official  luspectiou  of  Commercial  Fertilizers. 
Part  11.  —  Report  on  General  Work  in  the  Chemical  Laboratory. 


Part  I.  —  Report  on  Official  Inspection  op 
Commercial  Fertilizers  and  Agricultural 
Chemicals  during  the  Season  of  1903. 


CHARLES   A.    GOESSMANN. 


The  total  number  of  manufacturers,  importers  and  dealers 
in  commercial  fertilizers  and  agricultural  chemicals  who  have 
secured  licenses  during  the  past  season  is  64  ;  of  these,  35 
have  offices  for  the  general  distribution  of  their  goods  in 
Massachusetts,  8  in  New  York,  8  in  Connecticut,  3  in  Ver- 
mont, 1  in  Rhode  Island,  3  in  Canada,  1  in  New  Jersey,  1 
in  Maryland,  2  in  Ohio,  1  in  Illinois  and  1  in  Arkansas. 

Three  hundred  and  six  brands  of  fertilizer,  including  chem- 
icals, have  been  licensed  in  the  State  during  the  year.  Five 
hundred  and  eighty-four  samples  of  fertilizer  have  thus  far 
been  collected  in  the  general  markets  by  experienced  assist- 
ants in  the  station. 
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Five  hundred  and  twelve  samples  were  analyzed  at  the 
close  of  November,  1903,  representing  two  hundred  and 
ninety  distinct  brands  of  fertilizer.  These  analyses  were 
pu)>lished  in  two  bulletins  of  the  Hatch  Experiment  Station 
of  the  Massachusetts  Agricultural  College  :  No.  90,  July, 
and  No.  92,  November,  1903. 

During  the  year  1903  a  larger  number  of  fertilizers  have 
been  licensed  in  the  State  of  Massachusetts  than  for  any 
previous  year  in  the  history  of  our  fertilizer  inspection  laws. 
This  necessitates  an  increased  amount  of  work  in  the  official 
inspection  of  commercial  fertilizers.  Twenty-three  more 
brands  of  fertilizers  were  licensed  and  eighty  more  collected 
during  the  past  season  than  in  the  previous  year. 

Below  will  be  found  an  abstract  of  the  results  of  analyses 
of  official  commercial  fertilizers  for  the  years  1902  and 
1903  :  — 


190S. 

1903 

7 

7 

•20 

19 

83 

91 

183 

207 

87 

118 

54 

42 

8 

2 

18 

24 

67 

100 

10 

2 

2-2 

17 

16 

31 

13 

13 

4 

1 

19 

14 

9 

11 

14 

13 

20 

18 

(a)  Where  three  essential  elements  of  plant  food  were  guaranteed :  — 
Number  with  three  elements  equal  to  or  above  the  highest  guarantee, 
Xumber  with  two  elements  above  the  highest  guarantee, 
Number  with  one  element  above  the  highest  guarantee,  .... 
Number  with  three  elements  between  the  lowest  and  highest  guarantee, 
Number  witli  two  elements  between  the  lowest  and  highest  guarantee, 
Number  witli  one  element  between  the  lowest  and  highest  guarantee, 
Number  witli  tliree  elements  Ijelow  the  lowest  guarantee. 

Number  witli  two  elements  below  the  lowest  guarantee 

Number  with  one  element  below  the  lowest  guarantee,    .... 

(6)  Where  two  essential  elements  of  plant  food  were  guaranteed :  — 
Numljer  with  two  elements  cabove  the  highest  guarantee, 

Numljer  with  one  element  aljove  the  highest  guarantee 

Number  with  two  elements  between  the  lowest  and  highest  guarantee, 
Number  witli  one  element  Iietween  the  lowest  and  highest  guarantee, 

Number  with  two  elements  below  the  lowest  guarantee 

Number  with  one  element  below  the  lowest  guarantee 

(c)  Where  one  essential  element  of  plant  food  was  guaranteed :  — 

Number  above  tlie  highest  guarantee 

Number  between  lowest  and  highest  guarantee 

Number  below  lowest  guarantee 


From  the  above  table  it  will  be  seen  that  there  is  no  mate- 
rial change  in  the  quality  of  the  fertilizers  which  have  been 
examined,  when  compared  with  the  results  of  tlu^  previous 
year.     Where  a  discrepancy  has  occurred  between  the  re- 
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suits  of  analysis  and  the  manufacturers'  guarantee,  we  are 
of  the  opinion  that  poor  mixing  is  responsible,  rather  than  a 
disposition  on  the  part  of  the  manufacturer  to  furnish  an  in- 
ferior article.  As  })roof  of  this,  we  find  in  most  cases  that 
wherever  a  fertilizer  shows  a  low  test  in  any  one  ingredient, 
a  corresponding  high  test  is  shown  on  some  other  element  of 
plant  food  in  the  same  brand  ;  this  usually  corrects  any  dif- 
ference in  commercial  value  of  the  fertilizer. 


Trade  Values  of  Fertilizing  Ingredients  in  Raw  Materials  and  (Jhcmicals, 
1902  and  1903  {Cents per  Pound). 


1902.      1903 


Nitrogen  in  ammonia  salts, 
Nitrogen  in  nitrates, . 


Organic  nitroajen  in  dry  and  fine-ground  fish,  meat,  blood  and  in  liigli- 

grade  mixeci  fertilizers. 
Organic  nitrogen  in  fine  bone  and  tankage, 

Organic  nitrogen  in  medium  bone  and  tankage, 

Phosphoric  acid  soluble  in  water, 

Phosphoric  acid  soluble  in  ammonium  citrate 

Phosphoric  acid  in  fine-ground  fish,  bone  and  tankage,  .... 

Pkosphoric  acid  in  cotton-seed  meal,  castor  pomace  and  wood  aslies, 

Phosphoric  acid  in  coarse  flsh,  bone  and  tankage, 

Phosphoric  acid  insoluble  (in  water  and  in  ammonium  citrate)  in 

mixed  fertilizers. 
Pota.sh  as  sulfate  (free  from  chlorides), 

Potash  as  muriate, 


16.50 
1.5.00 


16.50 
16.00 
12.00 
5.(X) 
4.50 
4.00 
4.00 
3.00 
2.00 
5.00 
4.25 


17., 50 

15.00 

17.00 

16.50 

12.00 

4.50 

4.00 

4.00 

4.00 

3.00 

2.00 

5.00 

4.25 


A  comparison  of  the  above  trade  values  of  fertilizing 
ingredients  for  the  years  1902  and  1903  shows  a  higher 
market  cost  of  nitrogen  in  form  of  ammonia  salts  and  in  the 
higher  grades  of  organic  substances  for  the  year  1903  than 
for  the  previous  year ;  this  is,  however,  largely  offset  by  a 
corresponding  decrease  in  the  market  cost  of  the  better  forms 
of  phosphoric  acid. 

The  schedule  of  trade  values  for  1903  was  adopted  by 
representatives  of  the  Massachusetts,  Connecticut,  Rhode 
Island,  Maine,  Vermont  and  New  Jersey  experiment  sta- 
tions, at  a  conference  held  during  the  month  of  March,  1903  ; 
it  is  based  on  the  condition  of  the  fertilizer  market  in  centres 
of  distribution  in  New  England,  New  York  and  New  Jersey 
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daring  the  six  months  preceding  March,  1903,  and  refers  to 
the  current  market  prices  of  the  leading  standard  raw  mate- 
rials which  furnish  nitrogen,  phosphoric  acid  and  potash,  and 
which  enter  largely  into  the  manufacture  of  our  commercial 
fertilizers. 

Table  A,  following,  gives  the  average  analysis  of  oiBcially 
collected  fertilizers  for  1903  ;  Table  B  gives  a  compilation  of 
analyses,  showing  the  maximum,  minimum  and  average  per- 
centages of  the  different  essential  elements  of  plant  food  in 
so-called  special  crop  fertilizers  put  out  by  different  manu- 
facturers. 
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A  careful  study  of  Table  B  teaches  the  following  lessons. 
The  trade  name  of  a  fertilizer  is  a  poor  criterion  in  ascertain- 
ing the  efficienc}'"  of  a  fertilizer.  Many  farmers  depend  too 
much  on  trade  names  in  making  their  selection  of  fertilizers. 
With  the  great  variety  of  fertilizers  now  found  upon  the 
market,  it  becomes  no  easy  matter  for  the  average  farmer  to 
make  an  intelligent  and  judicious  selection  of  his  fertilizers, 
unless  he  is  in  possession  and  makes  use  of  the  fertilizer 
bulletins  which  are  issued  from  time  to  time.  In  makins:  a 
selection  of  a  fertilizer  for  growing  special  crops,  the  needs 
of  the  soil  and  the  requirements  of  the  crop  should  receive 
careful  consideration,  and  a  fertilizer  should  be  selected 
which  will  supply  the  wants  of  the  soil  in  the  most  suitable 
and  economical  manner.  In  deciding  what  brands  of  fertil- 
izers to  purchase  for  general  use,  it  is  self-evident  that  those 
fertilizers  should  be  selected  which  furnish  the  greatest 
amount  of  nitrogen,  phosphoric  acid  and  potash  in  a  suit- 
able and  available  form  for  the  same  money. 


List  of  Manufacturers  and  Dealers  who  have  secured  Certificates  for 
the   Sale  of  Commercial  Fertilizers  in  the  Slate  during  the  Past 
Year  (Mai/  1,  1903,  to  May  1,  1904)  and  the  Brands  licensed 
by  Each. 


The  American  Agricultural  Cliemical  Co., 
Boston,  Mass. :  — 
High-grade  Fertilizer  witli    Ten    ]'er 

Cent.  Potasli. 
Grass  and  Lawn  Top-dressing. 
Tobacco  Starter  and  Grower. 
Brightman's  Fish  and  Potash. 
Fine-ground  Bone. 
Columi)ia  Fish  and  Potash. 
Abattoir  Bone. 
Dissolved  Bone-bla<'k, 
Muriate  of  Potash. 
Double  Manure  Salt. 
High-grade  Sulfate  of  Potash. 
Nitrate  of  Soda. 
Dry  Ground  Fish. 
Plain  Superphosphate. 
Sulfate  of  Ammonia. 
Kainit. 

The  American  Agricultural  Chemical  Co. 
(Bradley  Fertilizer  Co.,  branch;,  Bos- 
ton, Mass.:  — 
Bradley's  Complete  Manure  for  Pota- 
toes and  Vegetables. 
Bradley's  Complete  Manure  for  Corn 

and  Grain. 
Bradley's  Complete  Manure  with  Ten 
Per  Cent  Potash. 


The  American  Agricultural  Chemical  Co. 
(Bradley  Fertilizer  Co.,  branch),  Bos- 
ton,  Mass. —  Con. 

Bradley's  Complete  Top-dressing  for 
Grass  and  Grain. 

Bradley's  X  L  Superphosphate. 

Bradley's  Potato  Manure. 

Bradley's  Potato  Fertilizer. 

Bradley's  Corn  Phosphate. 

Bradley's  Eclipse  Phosphate. 

Bradley's  Niagara  Phosphate. 

Bradley's  English  Lawn  Fertilizer. 

Church's  Fish  and  Potash. 

Bradley's  Seeding-down  Manure. 

American  Agricultural  Chemical  Co.  (H. 
J.  Baker  &  Bro.,  branch).  New  York, 
N.  Y. :  — 
Baker's  A  A  Ammoniated  Superphos. 

phate. 
Baker's  Complete  Potato  Manure. 

The  American  Agricultural  Chemical  Co. 
(Clark's  Cove  Fertilizer  Co.,  branch), 
Boston,  Mass.:  — 
Clark's  Cove  Bay  State  Fertilizer. 
Clark's  Cove  Bay  State  Fertilizer  G.  G. 
Clark's  Cove  Great  Planet  Manure. 
Clark's  Cove  Potato  Manure. 
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The  American  Agricultural  Chemical  Co. 
(Clark's  Cove  Fertilizer  Co.,  branch), 
Boston,  Mass.  —  Con. 
Clark's  Cove  Potato  Fertilizer. 
Clark's  Cove  King  Philip  Guano. 

The  American  Agricultural  Chemical  Co. 
(Crocker  Fertilizer  and  Chemical  Co., 
branch),  Buffalo,  N.  Y.:  — 
Crocker's  Potato,  Hop  and  ToIjucco 

Phosphate. 
Crocker's  Corn  Phosphate. 
Crocker's  A  A  Complete  jNIanure. 

The  American  Agricultural  Chemical  Co. 
(Cumberland  Bone  Phosphate  Co., 
branch),  Boston,  Mass.:  — 

Cumberland  Superphosphate. 

Cumberland  Potato  Fertilizer. 

The  American  Agricultural  Chemical  Co. 
(L.  B.  Darling  Fertilizer  Co.,  branch), 
Pawtucket,  R.  I. :  — 
Darling's  Blood,  Bone  and  Potash. 
Darling's   Complete   Ten    Per   Cent. 

Manure. 
Darling's  Potato  Manure. 
Darling's  Farm  Favorite. 
Darling's  General  Fertilizer. 

The  American  Agricultural  Chemical  Co. 
(Great  Eastern  Fertilizer  Co.,  branch), 
Rutland,  Vt. :  — 

Northern  Corn  Special. 

Vegetable  Vine  and  Tobacco. 

Garden  Special. 

General. 

Grass  and  Oat  Fei'tilizer. 

Tlie  American  Agricultural  Chemical  C^o. 
(Pacific    Guano   Co.,  branch),    P.oston, 
Mass. :  — 
Pacific  High-grade  General. 
Pacific  Potato  Special. 
Soluble  Pacific  Guano. 
Pacific  Nobsque  Guano. 

The  American  Agricultural  Chemical  Co. 
(Packers' Union  Fertilizer  Co.,  branch), 
Rutland,  Vt. :  — 

Gardners'  Complete  Manure. 

Animal  Corn  Fertilizer. 

Potato  Manure. 

Universal  Fertilizer. 

Wheat,  Oats  and  Clover  Fertilizer. 

The  American  Agricultural  Chemical  Co. 
(Quinnipiac      Co.,     branch),     Boston, 
Mass.  :  — 
Quinnipiac  Market-garden  jNIanure. 
Quinnipiac  Phosphate. 
Quinnipiac  J'otato  IVfanure. 
(Juinnipiac  Potato  Phosphate. 
Quinnipiac  Cor!i  Manure. 


The  American  Agricultural  Chemical  Co. 
(Quinnipiac  Co.,  branch),  Boston,  Mass. 
—  Con. 
Quinnipiac  Climax  Phosphate. 
Quinnipiac  Havana  Tobacco  Grower. 
Quinniijiac  Onion  Manure. 

The  American  Agricultural  Chemical  Co. 
(Read    Fertilizer    Co.,    branch).    New 
York,  N.  Y. :  — 
Read's  Practical  Potato  Special. 
Read's  Farmers'  Friend. 
Read's  Standard. 

Read's  High-grade  Farmers'  Friend. 
Read's  Vegetable  and  Vine. 

The  American  Agricultural  Chemical  Co 
(Standard  Fertilizer  Co.,  branch),  Bos- 
ton, Mass. :  — 

Standard  Complete  IManure. 

Standard  Fertilizer. 

Standard  Special  for  Potatoes. 

Standard  Guano. 

The  American  Agricultural  Chemical  Co- 
(H,  F.  Tucker  &  Co.,  branch),  Boston, 

Mass. :  — 
Tucker's    Original    Bay    State    Bone 

Superphosphate. 
Tucker's  Special  Potato. 

Tlie    American     Agricultural     Chemical 
Co.  (Williams  &   Clark  Fertilizer  Co., 
branch),  Boston,  Mass.:  — 
Williams  &  Clark's  High-grade  Spe- 
cial. 
Williams  &  Clark's  Americus  Potato. 
Williams  &  Clark's  Potato  Phosphate. 
Williams  &  Clark's  Potato  Manure. 
Williams  &  Clark's  Corn  Phosphate. 
Williams  &  Clark's  Royal  Bone  Phos- 

l)hate. 
Williams  &  Clark's  Prolific  Crop  Pro- 
ducer. 

The  American  Agricultural  Chemical  Co. 
(M.  E.  Wheeler  &  Co.,  branch),  Rut- 
land, Vt.  :  — 

Corn  Fertilizer. 

I'otato  Manure. 

Havana  Tobacco  Grower. 

Superior  Truck  Fertilizer. 

Bermuda  Onion  Grower. 

Grass  and  Oats  Fertilizer. 

W.  H.  Abbott,  Holyoke,  Mass.:  — 
Abbott's  Animal  Fertilizer. 
Abbott's  Eagle  Brand. 
Abbott's  Tobacco  Fertilizer. 

Abbott  and  Martin  Rendering  Co.,  Colum- 
bus,  O.:  — 
Harvest  King. 
AlilK>tt'8  Toli;icco  and  Potato  .Special. 
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The  American  Cotton  Oil  Co.,  New  York, 
N.  Y.:  — 
Cotton-seed  Meal. 
Cotton-seed  Hull  Ashes. 

The  American   Linseed  C».,  New  York, 
N.  Y.  :  — 
Cleveland  Flax  INleal. 

Armour    Fertilizer     Works,    Baltimore, 
Ud. :  — 
Grain  Grower. 
Bone,  Blood  and  I'otasii. 
High-grade  Potato. 
All  Soluble. 

Amnioniated  Bone  with  Potash. 
Bone  Meal. 

H.  J.  B.aker  &  Bro  ,  New  York,  N.  Y.:  — 
Baker's  Pure  Castor  Pomace. 

Berkshire    Fertilizer    Co.,     Bridgeport, 
Conn. :  — 
Berkshire  Complete  Fertilizer. 
Berkshire   Ammoniated  Bone  Phos- 
phate. 
Berkshire  Potato  and  Vegetable  Phos- 
phate. 

T.  H.  Bunch,  Little  Rock,  Ark. :  — 
Cotton-seed  meal. 

Beach  Soap  Co.,  Lawrence,  Mass. :  — 
Beach's  Advance  Brand. 
Beach's  Universal  Brand. 

Joseph  Breck  &  Sons,  Boston,  Mass.  :  — 
Breck's  Lawn  and  Garden  Dressing. 
Breck's  Market-garden  jNIanure. 

Bowker  Fertilizer  Co.,  Boston,  Mass. :  — 

Stockbridge  Special  Manures. 

Bowker's  Hill  and  Drill  Phosphate. 

Bowker's  Farm  and  Garden  I'hos- 
phate. 

Bowker's  Lawn  and  Garden  Dressing. 

Bowker's  Potato  and  Vegetable  Ma- 
nure. 

JJowker's  Fish  and  Potash  (Square 
Brand) . 

Bowker's  Potato  and  Vegetable  Phos- 
phate. 

Bowker's  Sure  Crop  Phosphate. 

Gloucester  Fish  and  Potash. 

Bowker's  High-grade  Fertilizer. 

Bowker's  Bone  and  Wood  Ash  Fer- 
tilizer. 

Bowker's  Fish  and  Potash  (D Brand). 

Bowker's  Corn  Phosphate. 

Bowker's  Bone,  Blood  and  Potash. 

Bowker's  Early  Potato  Manure. 

Bowker's  Soluble  Animal  Fertilizer. 

Bowker's  Tobacco  Sbirter. 

Bowker's  Tobacco  Ash  Fertilizer. 


I    Bowker  Fertilizer  Co.,  Boston,  Mass.— 
Con. 
Bowker's  Market-garden  Manure. 
Bowker's  Potiisli  Bone. 
Bowker's  Ten  I'er  Cent.  Manure. 
Bowker's  Kainit. 
Bowker's  Complete  Mixture. 
Bowker's  Ammoniated  Food  for  Flow- 
ers. 
Bristol  Fish  and  Potash. 
Bowker's  Fine-ground  Fish. 
Bowker's  Tobacco  Ash  Elements. 
Bowker's  Ground  Bone. 
Bowker's  Wood  Ashes. 
Bowker's  Superphosphate. 
Sulfate  of  Ammonia. 
Nitrate  of  Soda. 
Dissolved  Bone-black. 
Muriate  of  Potash. 
Sulfate  of  Potash. 
Dried  Blood. 

Chicopee    Rendering     Co.,    Springfield, 
Mass. :  — 
Pure  Ground  Bone. 
Tankage. 

Complete  Animal  Fertilizer  or  Lawn 
and  Garden  Dressing. 

Chas.  M.  Cox  &  Co.,  Boston,  Mass.  :  — 
Cotton-seed  Meal. 

E.  Frank  Coe  Co.,  New  Y'ork,  N.  Y. :  — 

E.  Frank  Coe's  High-grade  Ammoni- 
ated Bone  Superphosphate. 

E.  Frank  Coe's  Gold  Brand  Excelsior 
Guano. 

E.  Frank  Coe's  Bay  State  Phosphate. 

E.  Frank  Coe's  Tobacco  and  Onion 
Fertilizer. 

E.  Frank  Coe's  Excelsior  Potato  Fer- 
tilizer. 

E.  Frank  Coe's  Fish  Guano  and  Pot- 
ash (F.  P.). 

E.  Frank  Coe's  Columbian  Corn  Fer- 
tilizer. 

E.  Frank  Coe's  Columbian  I'otato 
Fertilizer. 

E.  Frank  Coe's  New  Englauder  Corn 
Fertilizer. 

E.  Frank  Coe's  New  Englander  Potato 
Fertilizer. 

E.  Frank  Coe's  Columbian  Ammoni- 
ated Bone  Superphosphate. 

E.  Frank  Coe's  Red  Brand  Excelsior 
Guano. 

E.  Frank  Coe's  Ground  Bone. 

American  Farmers'  Market-garden 
Special. 

American  Farmers'  Complete  Potato. 

American  Farmers'  Corn  King. 

John  C.  Dow  &  Co.,  Boston,  Mass. :  — 
Dow's  Pure  Ground  Bone. 
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Eastern  Chemical  Co.,  Boston,  Mass. :  — 
Chemicals  for  Imperial  Liquid  I'laut 

Food. 
Chemicals  for  Liquid  Grass  Fertilizer. 

Wm.  E.  Fyfe  &  Co.,  Clinton,  Mass.  :  — 
Canada  Ashes  (Star  Brand). 

K.  &  J.  Farquhar  &  Co.,  Boston,  Mass.:  — 
Clay's  London  Fertilizer. 

F.    E.    Hancock,     Walkerton,    Ontario, 
Can.  :  — 
Pure  Unleached  Canada  Ilard-wixnl 
Ashes. 

The  Hardy  Packing  Co.,  Chicago,  111.:  — 
Hardy's  Tankage,  Bone  and  Potash. 
Hardy's  Tobacco  and  Potato  Si)ecial. 
Hardy's  Complete  Manure. 

Hargraves Manufacturing  Co.,  Fall  River, 
Mass. :  — 
Fine-ground  Bone  and  Tankage. 

C.  W.  Hastings,  Jamaica  Plain,  Mass. :  — 
Ferti  Flora. 

Thomas   Hersom  &   Co.,    New   Bedford, 
Mass. :  — 
Bone  Meal. 
Meat  and  Bone. 

John  Joynt,  Lucknow,  Ontario,  Can. :  — 
Canada  Hard-wood  Ashes. 

Lister's    Agricultural    Chemical    Works, 
Newark,  N.  J. :  — 
Lister's  Success  Fertilizer. 
Lister's  Special  Corn  Fertilizer. 
Lister's  Special  Potato  Fertilizer. 
Lis'ter's  Potato  Maniire. 
Lister's  High-grade  Special  for  Spring 

Crops. 
Lister's  Animal  Bone  and  Potash. 

Lowell  Fertilizer  Co.,  Boston,  Mass. :  — 
Swift's  Lowell  Potato  Phosphate. 
Swift's  Lowell  Potato  Manure. 
Swift's  Lowell  Bone  Fertilizer. 
Swiff's  Lowell  Animal  Brand. 
Swift's  Lowell  Ground  Bone. 
Swift's  Lowell  Lawn  Dressing. 
Swift's    Lowell   Market-garden     Ma- 
nure. 
Swift's  Lowell  Nitrate  of  Soda. 

Mapes  Formula  and  Peruvian  Guano  Co., 
New  York,  N.  Y. :  — 
Potato  Manure. 
Tobacco  Starter  Improved. 
Tobacco  Manure  Wrapper  Brand. 
Economical  Potato  Manure. 
Average  Soils  Complete  Manure. 


Mapes  Formula  and  Peruvian  Guano  Co., 
New  York,  N.  Y.  —  Coii. 
Vegetable  Manure  or  Complete  Ma- 
nure for  Light  Soils. 
Corn  Manure. 

Complete  Manure  (A  Brand). 
Cereal  Brand. 
Complete  Manure  Ten  Per  Cent.  Pot 

ash. 
Top-dresser  Improved,  Half  StrenstU. 
Tobacco  Ash  Constituents. 
Grass  and  Grain  Spring  Top-dressin:;-. 
Complete  Manure  for  General  Usj. 
Fruit  and  Vine  Manure. 
Cauliflower  and  Cabbage  Manure. 
Lawn  Top-dressing. 

r>.  M.  Moulton,  Monson,  Mass. :  — 
Ground  Bone. 

National     Fertilizer     Co.,     Bridgeport, 
Conn. :  — 
Chittenden's  Complete  Fertilizer. 
Chittenden's  High-grade  Special  for 

Tobacco. 
Chittenden's  Market  Garden. 
Chittenden's  Potato  Phosphate. 
Chittenden's  Ammoniated  Bone. 
Chittenden's  Fish  and  Potash. 

New    England    Fertilizer    Co.,    Boston, 
Mass. :  — 
New  England  Corn  Phosphate. 
New  England  Potato  Fertilizer. 

Olds  &  Whipple,  Hartford,  Conn.:  — 
Complete  Tobacco  Fertilizer. 
Vegetable  Potash. 

The  Ohio  Farmers'  Fertilizer  Co.,  Colum- 
bus, O. :  — 
Corn,  Oats  and  Wheat  Fish  Guano. 
Tobacco  and  Potato  Special. 
High-grade  Truck  Guano. 

Parmenter  &  Polsey  Fertilizer  Co.,  Bos- 
ton, Mass. :  — 
Plymouth  Rock  Brand. 
Special  Potato. 
Star  Brand. 
P.  &  P.  Potato. 
A.  A.  Brand. 
Lawn  Dressing. 

Special  Fertilizer  for  Strawberries. 
Grain  Grower. 
Acid  Phosphate. 
Muriate  of  PoUish. 
Nitrate  of  Soda. 
Sulfate  of  Potash. 

R.  T.  Prentiss,  Holyoke,  Mass. :  — 
Complete  Fertilizers. 

Benjamin  Randall,  Boston,  Mass.  :  — 
Randall's  Market  Garden. 
Rjiudall's  Farm  and  Field. 
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Rogers  Manufacturing  Co.,  Rockfall, 
Conn.:  — 

All  Round  Fertilizer. 

Complete  Potato  and  Vegetable. 

Iligh-grade  Complete  Corn  and  Grain. 

Fish  and  Potash  Fertilizer. 

High-grade  Soluble  Tobawo  and  Po- 
tato. 

High-grade  Fertilizer  for  Oats  and 
Top-dressing. 

High-grade  Grass  and  Grain. 

High-grade  Soluble  Tobacco  Fertil- 
izer. 

Pure  Fine-ground  Bone. 

Rogers    &    Hubbard    Co.,    Middletown, 
Conn. :  — 
Hubljard's  Oats  and  Top-dressing. 
Hubbard's  Grass  and  Grain. 
Hubljard's  Soluble  Corn  Manure. 
Hubbard's  Soluble  Potato  Manure. 
Hubbard's  Soluble  Toi^acco  Manure. 
Hubbard's  All  Soils  and  All  Crops. 
Hubbard's  Corn  Phosphate. 
Hubbard's  Potato  Phosphate. 
Hubbard's  '02  Top-dressing. 
Hubbard's  Raw  Knuckle  Bone  Flour. 
Hubbard's  Strictly  Pure  Fine  Bone. 

Ross  Brothers,  Worcester,  Mass. :  — 
Ross  Brothers'  Lawn  Dressing. 

Russia  Cement  Co.,  Gloucester,  Mass. :  — 

Essex  Dry  Ground  Fish. 

Essex  Complete  Manure  for  Potatoes, 
Roots  and  Vegetables. 

Essex  Complete  Manure  for  Corn, 
Grain  and  Grass. 

Essex  Market-garden  and  Potato  Ma- 
nure. 

Essex  Corn  Fertilizer. 

Essex  A.  I.  Superphosphate. 

Essex  XXX  Fish  and  Potash. 

Essex  Odorless  Lawn  Dressing. 

Essex  Tobacco  Starter. 

Essex  Special  Tobacco  Manure. 

Essex  Rhode  Island  Special  Fertilizer. 

Essex  High-grade  Sulfate  of  Potash. 

Essex  Nitrate  of  Soda. 

Chas.  Stevens,  Xapanee,  Ontario,  Can.:  — 
Beaver  Brand  Ashes. 


Salisbury  Cutlery  Handle  Co.,  Salisbury, 
Conn.:  — 
Pure  Ground  Bone. 

Sanderson's  Fertilizer  and  Chemical  Co., 
New  Haven,  Conn. :  — 
Sanderson's  Formula  A. 
Sanderson's  Formula  B. 
Sulfate  of  Potash. 
Sanderson's  Old  Reliable. 
Sanderson's  Potato  Manure. 
Sanderson's  Corn  Superphosphate, 
Sanderson's    Special    with    Ten    Per 
Cent.  Potash. 

Thomas  L.  Stetson,  Randolph,  Mass.  :  — 
Bone  Meal. 

W.  H.  Warren,  Northborough,  Mass. :  — 
Fine-ground  Bone. 

Wilcox  Fertilizer  Works,  Mystic,  Conn. :  — 

Wilcox  Potato,  Onion  and  Tobacco 
Manure. 

Wilcox  Potato  Manure. 

Wilcox  Complete  Bone  Superphos- 
phate. 

Wilcox  Fish  and  Potash. 

Wilcox  High-grade  Tobacco  Fertil- 
izer. 

Wilcox  Dry  Ground  Fish. 

Sanford  Winter,  Brockton,  Mass. :  — 
Pure  Ground  Bone. 

The  Whitman  &  Pratt   Rendering   Co., 
Lowell,  Mass. :  — 
All  Crops. 
Potato  Plowman. 
Corn  Success. 
Ground  Bone. 

J.M.  Woodard  &Bro.,Greenfleld,Mass.  :  — 
Tankage. 

A.  H.  Wood  &  Co.,  South  Framingham, 
Mass. :  — 
Special  Fertilizer  for  Corn,  Potatoes, 

etc. 
Special  Manure  for  Market  Garden- 
ing, Top-dressing,  etc. 
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Part  II.  —  Report  on  General  Work  in  the 
Chemical  Laboratory. 


C.    A.    GOESSMANN. 


1.  Analyses  of  materials  forwarded  for  examination. 

2.  Notes  on  soil  analyses. 

3.  Notes  on  wood  ashes  and  lime  ashes. 

4.  Notes  on  Peruvian  guano. 

5.  Notes  on  sugar-beet  refuse. 

6.  Notes  on  city  garbage  products. 

1.     Analyses  of  Materials  forwarded  for 
Examination. 

During  the  season  of  1903,  235  samples  of  fertilizing 
materials  and  miscellaneous  substances  have  been  received 
from  farmers  within  our  State  for  anal3\sis.  Many  of  these 
materials  are  refuse  or  by-products  from  some  manufac- 
turing industry.  Some  of  these  by-products  contain  only 
nitrogen,  some  contain  phosphoric  acid  or  possibly  potash 
compounds,  others  contain  two,  and  many  of  them  contain 
all,  of  the  essential  elements  of  plant  food.  In  either  case 
the  material  possesses  a  distinct  commercial  value,  which  can 
be  ascertained  only  by  a  careful  chemical  analj^sis. 

As  in  the  past,  the  investigation  of  materials  for  general 
fertilizing  purposes  has  been  carried  on  free  of  charge  to  far- 
mers within  our  State.  Our  practice  has  been  to  analyze 
this  class  of  materials  in  the  order  in  which  the  samples 
arrive  at  this  office.  Beginning  about  April  1  and  continu- 
ing through  the  summer  and  early  fall,  work  of  this  nature 
has  to  give  place  to  our  official  inspection  work  on  commer- 
cial fertilizers.  For  this  reason  we  would  advise  those  send- 
ing samples  for  analysis  free  of  charge  to  send  as  early  in  the 
season  as  possible.     The  winter  season  usually  offers  more 


1904.] 


PUBLIC   DOCUMENT  — No.  33. 


99 


time  to  attend  to  this  kind  of  work,  and  therefore  enables  us 
to  furnish  results  of  analysis  more  promptly  than  at  any 
other  period  of  the  year. 

During  the  year  we  have  taken  an  active  part  in  the  work 
of  the  Association  of  Official  Agricultural  Chemists,  which 
aims  to  investigate  any  new  modes  of  analysis  in  agricultural 
cllemistr3^  The  result  of  our  labors  along  this  line,  as  well 
as  other  investigation  work  of  a  technical  nature,  does  not 
appear  in  our  publications,  as  its  chief  value  is  in  the  estab- 
lishment of  new  methods  of  analysis. 

Following  is  a  list  of  materials  received  during  the  past 
season  :  — 


Wood  ashes, 

.     41 

Dry  ground  fish,   . 

6 

Complete  fertilizers, 

.     34 

Ground  bones. 

6 

Soils,    . 

.     70 

Minerals, 

12 

Lime  ashes,  . 

.     10 

Phosphatic  slag,    . 

4 

Cotton-seed  meal, 

.       8 

Nitrate  of  soda, 

4 

Dissolved  bone-black. 

.       2 

Peat,     .... 

2 

Tankage, 

.       3 

Tannery  lime  waste, 

2 

Cotton  hnll  ashes, 

2 

Muriate  of  potash, 

3 

Superphosphate,   . 

Cotton-seed  dust,  . 

High-grade  sulfate  of  p 

otash ,       2 

Cotton-seed  droppings, 

Cocoanut  fiber  pith. 

Refuse  ashes. 

New  York  horse  manur 

e,       .       1 

Sulfate  of  ammonia, 

Sheep  manure  and  wool  ^ 

vaste,       1 

Belgian  phosj^hate. 

Lime  refuse, 

Cassava  waste, 

Garbasre  tankas:e, 

Manure, 

Waste  lime,  jjlastering, 

Mill  refuse,  . 

Acid  phosphate,     . 

Peruvian  guano,    .      .  . 

Coal  and  wood  ashes, 

Granite, 

Sugar-beet  refuse. 

Bat  guano,    . 

Cotton  waste, 

Dried  blood. 

Lime,    . 

Wool  waste, 

2 

2.  Notes  on  Soil  Analyses. 
In  the  above  list  of  materials  which  have  been  forwarded 
for  analysis  during  the  season  we  would  call  attention  to  the 
increased  number  of  samples  of  soil  which  have  been  received, 
as  compared  with  previous  years.  The  information  desired 
by  parties  sending  soil  samples  for  analysis  is,  in  most  cases. 
What  are  the  necessary  fertilizing  ingredients  to  be  applied 
to  this  particular  soil,   and  in  what  proportion  in  order  to 
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produce  successfully  any  given  crop  ?  We  are  trying  to  aid 
in  answering  this  inquiry  by  every  means  within  our  power, 
and  shall  continue,  as  in  the  past,  to  analyze  samples  of  soil ; 
yet  we  must  insist  that  the  samples  of  soil  forwarded  for 
investigation  are  taken  according  to  our  instructions,  which 
are  of  late  published  in  every  March  bulletin  of  this  division 
(see  Bulletin  No.  89,  March,  1903),  otherwise  the  analysis 
can  be  of  little  practical  value.  The  information  furnished 
by  a  chemical  analysis  of  soil  is  still  of  an  arbitrary  nature, 
and  furnishes  onl}^  the  amount  of  the  various  ingredients  of 
plant  food  present  in  the  soil,  without  reference  to  their 
availability  to  any  particular  plant.  Knowing  that  our  pres- 
ent methods  for  the  determination  of  the  availability  of  plant 
food  in  soils  is  not  as  satisfactory  as  could  be  desired,  we 
are  studying  the  subject  continually,  believing  that  more 
satisfactory  ones  can  be  secured  only  by  a  constant  attention 
to  the  questions  involved. 


3.     Notes  on  Wood  Ashes  and  Lime  Ashes. 
(«)    Wood  Ashes.  —  During  the  season  of  1903,  17.4  per 
cent,  of  the  materials  forwarded  for  analysis  consisted  of  wood 
ashes,  as  against  24  per  cent,  for  the  year  previous.     The  fol- 
lowing compilation  shows  their  general  chemical  character  :  — 


Analysis  of  Wood  Ashes 
Moisture  from  1  to  10  per  cent., 
Moisture  from  10  to  20  per  cent., 
Moisture  from  20  to  30  per  cent.. 
Moisture  above  30  jier  cent.,     . 
Potassium  oxide  above  8  per  cent. ,  . 
Potassium  oxide  from  6  to  7  per  cent.. 
Potassium  oxide  from  5  to  6  per  cent., 
Potassium  oxide  from  4  to  5  per  cent.. 
Potassium  oxide  from  3  to  4  per  cent. , 
Potassium  oxide  below  3  per  cent.,  . 
Phosphoric  acid  from  1  to  2  per  cent., 
Phosphoric  acid  below  1  per  cent.,   . 
Average  jier  cent,  of  calcium  oxide  (lime),  29 
Insoluble  matter  below  10  per  cent.. 
Insoluble  matter  from  10  to  15  per  cent.. 
Insoluble  matter  from  15  to  20  per  cent.. 
Insoluble  matter  above  20  per  cent.. 


Number  of 
Samples. 

11 

14 

9 

3 

2 

4 

8 
12 

8 

3 
34 

3 

7 

12 
9 
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Table  shotviny  the  Maximum,  Minimum  and  Average  Per  Cents,  of  the 
Different  Ingredients  fou7id  in  Wood  Ashes  for  the  Season  of  1903. 


Maximum. 

Minimum. 

Average. 

Moisture 

37.34 

2.27 

15.23 

Potassium  oxiile, 

8.15 

1.G8 

4.76 

Pliosphoric  acid 

1.80 

.46 

1.37 

Calcium  oxidu, 

35.75 

22.33 

29.39 

Insoluble  matter, 

28.85 

1.40 

15.07 

We  advise  farmers,  before  buying  ashes,  to  ascertain  if 
the  party  of  whom  they  are  to  purchase  is  on  record  as  hav- 
ing complied  with  our  State  laws,  and  holds  a  license  for  the 
sale  of  his  article  in  Massachusetts.  Protection  by  our  State 
laws  is  only  secured  by  patronizing  dealers  and  importers 
who  have  complied  with  our  laws  for  the  regulation  of  the 
trade  in  commercial  fertilizers. 

There  are  indications  that  more  care  is  taken  by  some  of 
our  importers  in  the  collection  and  shipment  of  ashes  than 
has  been  the  case  in  the  past.  In  some  cases  as  high  as  8 
and  9  per  cent,  of  potassium  oxide  has  been  guaranteed  in 
carloads  of  ashes  imported  from  Canada ;  this  is  3  or  4  per 
cent,  higher  than  the  usual  guarantee  of  this  element.  The 
importance  of  buying  ashes  on  a  specified  guaranteed  com- 
position of  each  of  the  essential  elements, — potash,  phos- 
phoric acid,  and  also  lime  —  cannot  be  too  strongly  urged 
upon  our  farmers. 

(b)  Lime  Ashes. — Judging  from  the  increased  number 
of  samples  of  lime  ashes  that  have  been  received  during  the 
season  for  analysis,  this  material  is  used  more  commonly 
than  heretofore  to  furnish  lime  to  those  soils  which  require 
an  application  of  this  ingredient.  Although  being  a  valuable 
source  of  lime,  it  is  well  to  remember  that  lime  ashes  are  a 
refuse  product  in  the  production  of  burned  lime,  and  are 
therefore  apt  to  vary  widely  in  chemical  composition  (see 
following  table),  depending  largely  upon  the  mode  of  hand- 
ling as  well  as  exposure  to  the  weather.  Lime  ashes  should 
therefore  be  bought  on  a  statement  of  guarantee  of  the  quan- 
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tity  of  lime,  potash  and  phosphoric  acid  which  they  contain. 
The  small  quantity  of  phosphoric  acid  in  lime  ashes  is  derived 
from  the  wood  that  is  used  in  charging  the  kihi  ;  the  potash 
is  derived  partially  from  this  same  source  and  partially  from 
the  limestone  ;  both  of  these  elements  are  therefore  apt  to 
vary  widely  in  different  samples. 

Table  shoiving  the  Maxi7num,  Minimum  and  Average  Per  Cents,  of  the 
Different  Ingredients  found  in  Lime  Ashes  for  the  Season  of  1903. 


Maximum. 


Minimum. 


Average. 


Moisture, 
Potassium  oxide, 
Phosphoric  acid, 
Calcium  oxide, 
Insoluble  matter, , 


23.  IG 

3.32 

1.66 

55.44 

26.50 


10.47 
.76 
.03 

32.42 
1.10 


15.66 

1.86 

.63 

41.15 
6.46 


4.     Notes  on  Peruvian  Guano. 

A7ialysis  of  Peruvian  Guano  recently  introduced  into  our  Markets. 

Per  Cent. 
Moisture, 17.10 


Total  phosphoric  acid, 
Soluble  phosi^horic  acid, 
Reverted  phosphoric  acid, 
Insoluble  phosphoric  acid, 
Potassium  oxide, 
Nitrogen,  . 


21.26 
2.81 

10.47 
7.98 
4.20 
3.23 


The  above-stated  article  has  of  late  been  again  introduced 
into  our  markets  ;  it  is  evidently  a  genuine  sample  of  Peru- 
vian guano,  and  of  a  valuable  composition  as  a  general  fer- 
tilizer. As  Peruvian  guanos  are  known  to  vary  more  or 
less  in  regard  to  their  chemical  composition,  they  should 
always  be  bought  and  sold  on  a  statement  of  their  guaran- 
teed composition.  A  detailed  discussion  of  the  occurrence 
of  Peruvian  guanos,  their  merits  as  a  fertilizer  and  their  his- 
toric importance  with  reference  to  the  introduction  of  com- 
mercial fertilizers,  will  be  found  in  the  annual  report  of  the 
inspector  of  commercial  fertilizers  to  the  Massachusetts  State 
Board  of  Agriculture  for  the  years  1875-7G. 
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5.     Notes  on  Sugar-beet  Refuse. 

Aiialij.iis  of  Sugar-beet  Refuse  forwarded  for  Investigation. 

Per  Cent. 

Moisture, 7.70 

Phosphoric  acid,  ........    none 

Total  potassium  oxide,  .  .  .         .  .  .9.72 

Water  soluble  potassium  oxide,    .....     8.36 

Total  nitrogen,     .         .         .         .         .         .         .         .6.39 

Nitrogen  as  nitrates,    .......     3.86 

Nitrogen  as  ammoniates,      ......       .05 

Nitrogen  in  organic  form 2.48 

Calcium  oxide,     ........    none 

Sodium  oxide,      ........     7.00 

Sulphuric  acid,     ........     2.82 

Chlorine, 1.87 

Carbonic  acid,      .         .         .         .         .         .         .         .    none 

The  above  material  is  a  waste  product  from  the  sugar-beet 
industry ;  it  is  produced  in  the  process  of  manufacturing 
alcohol  from  the  beet-sugar  molasses  ;  it  is  rich  in  potash 
and  nitrogen,  and  deserves  special  attention  in  the  produc- 
tion of  tobacco  and  other  industrial  crops.  The  successful 
introduction  of  the  beet-sugar,  manufacture  as  a  home  in- 
dustry already  benefits  our  agricultural  interests  in  many 
ways,  as  was  predicted  by  the  friends  of  the  sugar-beet  in- 
dustry years  ago. 

6.     Notes  on  City  Garbage  Products. 
Sample  No.  1  represents  what  is  known  as  garbage  tank- 
age ;  sample  No.  2  represents  the  ashes  from  the  cremation 

of  city  garbage. 

Analysis  of  Garbage  Products. 


Per  Cent. 


Moisture,        .        .        .        . 
Potassium  oxide, 
Total  phosplioric  acid, 
Avallaljle  phosphoric  acid, 
Insoluble  phosphoric  acid, 
Nitrogen 


*  Not  determined. 
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The  above-mentioned  materials  are  products  obtained  by 
hygienic  treatment  of  city  garbage.  Sample  No.  1  was  ob- 
tained by  heating  the  selected  garbage  in  vats  under  pressure  ; 
by  this  method  the  fats  are  recovered ;  and  the  organic 
nitrogenous  matter  is  preserved  for  use  as  a  nitrogen  source 
iu  fertilizers.  In  this  process,  however,  the  greater  part  of 
the  potash  and  other  salines  are  leached  out.  Sample  No.  2 
represents  the  product  obtained  by  the  cremation  of  city 
garbage.  In  this  material  the  nitrogen  has  been  sacrificed, 
but  the  potash  is  retained  in  the  ashes.  The  products  from 
both  of  these  processes  furnish  valuable  material  for  fertiliz- 
ing purposes ;  they  should  always  be  bought  and  sold  on  a 
statement  of  guaranteed  composition. 
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REPORT   OF   THE   ENTOMOLOGISTS. 


C.    H.    FERNALD,    H.    T.    FERNALD. 


The  entomological  division  during  1903  has  continued  its 
work  along  lines  similar  to  those  of  preceding  years.  The 
correspondence  has  received  careful  attention,  but  has  been 
less  than  usual,  probably  because  fewer  insects  have  made 
their  presence  felt,  owing  to  the  peculiar  weather  conditions 
of  the  spring  and  summer. 

The  experiments  to  determine  a  simple  and  successful 
treatment  for  the  San  Jose  scale  have  been  continued  accord- 
ing to  a  plan  which  promises  well,  and  which,  so  far  as  can  be 
learned,  has  not  been  tried  elsewhere  in  this  country.  Cer- 
tain difficulties  have  arisen,  however,  and  whether  it  will  be 
possible  to  proceed  with  these  experiments  during  1904  can- 
not now  be  determined. 

Much  attention  has  been  given  to  the  collections  of  insects 
at  the  insectary  during  the  year,  and, 'as  a  result,  they  are 
now  more  nearly  expressive  of  our  present  knowledge  than 
ever  before. 

The  card  catalogue  has  now  entirely  outgrown  the  cases 
intended  to  contain  it,  thus  rendering  it  less  useful  for  refer- 
ence, but  it  is  hoped  that  this  difficulty  may  be  soon  over- 
come. 

It  is  a  generally  recognized  fact  that  original  investigation 
and  publication  are  among  the  most  important  functions  of 
an  experiment  station.  That  the  entomological  division  of 
the  station  has  not  fallen  behind  in  this  portion  of  its  duties 
is  seen  by  the  following  list  of  articles  on  entomology  pub- 
lished during  the  present  year  by  persons  working  at  the 
insectary,  either  for  the  station,  or  by  those  fitting  them- 
selves for  that  work  :  — 
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C.  H.  Fernald  :  "The  Brown-tail  Moth''  (with  A.  H.  Kikkland), 
under  direction  of  the  State  Board  of  Agriculture,  Boston,  March,  1903  ; 
"  Colour  Blindness  in  Entomologists,"  Canadian  Entomologist,  July, 
1903. 

H.  T.  Ferxald  :  "  Orchard  Treatment  for  the  San  Jos6  Scale,"  Bul- 
letin No.  86,  Hatch  Experiment  Station,  February,  1903;  "  How  shall 
we  arrange  our  Collections  ? "  Entomological  News,  April,  1903 ; 
"  First  Annual  Report  of  the  State  Nursery  Inspector,"  Agriculture  of 
Massachusetts  for  1902,  June,  1903  ;  "  Plant  Lice,"  Nature  Leaflet  No. 
18,  Massachusetts  Board  of  Agriculture,  July,  1903  ;  "  Some  Important 
Scale  Insects,"  Massachusetts  Crop  Report  for  September,  October, 
1903;  "Notes  on  the  Species  of  Isodontia,"  Canadian  Entomologist, 
October,  1903;  "The  Plum  Webbing  Saw  Fly"  (with  E.  A.  Back), 
Entomological  News,  November,  1903  ;  "  Two  New  Si>ecies  of  Sphex," 
Psyche,  October-December,  December,  1903. 

Mrs.  M.  E.  Fernald  :  "  Notes  on  the  Coccidie,"  Canadian  Entomolo- 
gist, January,  1903;  "  Lepidosaphes  versus  Mytilaspis,"  Canadian 
Entomologist,  April,  1903  ;  "  Catalogue  of  the  Coccidte  of  the  World," 
Bulletin  No.  88,  Hatch  ExiJeriment  Station,  July,  1903. 

H.  J.  Franklin:  "Notes  on  Acanthothrips,"  Psyche,  October- 
Decenaber,  December,  1903. 

A.  W.  Morrill:  "Life  History  and  Description  of  the  Strawberry 
Aleyrodes,"  Canadian  Entomologist,  February,  1903;  "  Notes  on  some 
Aleyrodes  from  Massachusetts,  with  Description  of  New  Species," 
Psyche,  April,  1903;  "Notes  on  the  Early  Stages  of  Corylophodes 
marginicollis  Lee,"  Entomological  News,  May,  1903;  "New  Apoidea 
from  Montana,"  Canadian  Entomologist,  August,  1903 ;  "  Notes  on  the 
Immature  Stages  of  Some  Tingitids  of  the  Genus  Corythuca,"  Psyche, 
August,  1903;  "  The  Greenhouse  Aleyrodes  and  the  Strawberry  Aley- 
rodes," Technical  Bulletin  No.  1,  Hatch  Experiment  Station,  August, 
1903. 

Besides  these,  several  other  papers  are  either  in  press  or 
well  advanced  in  preparation,  and  Avill  soon  be  published. 

Insects  of  the  Year. 
The  present  year  has  seen  the  great  abundance  of  a  few 
kinds  of  insects,  but  taken  as  a  whole  the  season  has  been 
unfavorable  for  their  rapid  increase.  The  earl}^  spring  was 
apparently  normal  in  its  character,  but  about  the  first  of 
May  a  period  of  drought  began,  which  continued  well  into 
June.  During  this  period  the  grass  dried  up  and  in  many 
places  became  brown  and  dead,  and  large  numbers  of  insects 
were  found  clinging  to  it,  having  seemingly  died  of  starva- 
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tion.  The  result  was  that  the  ha}^  crop,  though  late,  was 
but  little  ati'ected  by  insects  ;  and  similar  results  were  more 
or  less  evident  with  nearly  all  crops,  as  regards  their  insect 
foes. 

In  a  few"  cases,  however,  these  weather  conditions  were 
favorable  to  insect  life.  The  plant  lice,  which  are  usually 
destroyed  in  large  numbers  by  cold  spring  rains,  were  this 
year  almost  entirely  unchecked,  and,  increasing  rapidly,  did 
much  injury  to  trees  and  plants  already  sufl'ering  from  the 
lack  of  rain.  The  damage  caused  by  plant  lice  was  particu- 
larly noticeable  on  fruit  stock,  elms  and  maples,  many  of 
which  suffered  severely ;  and  even  when  the  heavy  rains 
came  later,  destroying  myriads  of  the  lice,  so  many  were 
present  that  large  numbers  survived,  thus  continuing  the  in- 
jury to  more  than  an  ordinary  amount  till  quite  late  in  the 
fall. 

The  spring  weather  also  seemed  to  be  unusuall}^  favorable 
for  root  maggots  of  various  kinds,  the  onion  maggot  caus- 
ing a  large  amount  of  loss  to  the  onion  growers  in  the  Con- 
necticut valley  in  particular,  while  the  work  of  the  cabbage 
maggot  was  seen  everywhere.  During  the  year  more  in- 
quiries were  received  by  this  division  about  maggots  than 
during  the  preceding  eight  years  taken  together. 

The  apple-tree  tent-caterpillar  was  more  abundant  last 
spring  than  for  a  number  of  years,  but  whether  the  peculiar 
season  has  had  the  effect  of  destroying  these  insects  suffi- 
ciently to  prevent  their  appearance  in  large  numbers  in  1904 
cannot  now  be  determined. 

The  elm-leaf  beetle  began  the  season  actively,  and  by 
May  21  their  egg  clusters  were  very  abundant  everywhere, 
but  particularly  on  those  trees  which  were  not  treated  in 
1902.  Later  in  the  season,  however,  their  work  was  less 
noticeable  than  usual,  and,  in  fact,  there  were  many  places 
where  spraying  seemed  unnecessary.  Whether  the  nature 
of  the  season  or  factors  yet  undiscovered  were  the  cause  of 
their  slight  importance  is  not  known. 

The  San  Jose  scale  has  increased  rapidly  during  the  year, 
wherever  it  occurs.  Crawling  young  were  found  last  spring 
on  June  9,  nearly  two  weeks  earlier  than  the  year  before, 
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and  during  the  summer  and  fall  this  insect  seemed  to  increase 
in  abundance  more  rapidly  than  usual. 

During  the  year  1902  a  new  plum  pest  appeared  in  the 
Connecticut  valley,  spinning  its  webs  entirely  over  the  trees 
in  May  and  early  June.  On  investigation  it  proved  to  be  a 
saw  fly  hitherto  known  only  from  South  Dakota  and  Mani- 
to))a.  Of  this  insect,  which  is  known  as  jSfem'otoma  ritjipes 
Marl.,  the  life  history  has  been  worked  out  at  this  station 
during  the  present  year  and  published.  "While  this  insect 
has  already  shown  great  possibilities  as  a  serious  pest  on  the 
plum,  it  is  too  soon  to  predict  that  it  will  actually  become 
such ;  but  the  results  of  the  studies  made  here  show  that,  if 
treated  when  it  first  appears,  it  should  be  easily  controlled. 

The  plum  curculio  is  always  in  evidence  on  the  plums, 
and  to  some  degree  on  the  apples  ;  but  this  3^ear  it  has  paid 
particular  attention  to  the  latter  fruit,  and  by  its  punctures 
has  reduced  many  thousands  of  bushels  of  apples  from  fii'st 
class  to  a  lower  grade.  Whether  the  unusually  large  amount 
of  injury  to  apples  by  the  curculio  this  year  was  due  to  a 
greater  number  of  the  insects  which  succeeded  in  passing 
through  the  preceding  winter  alive,  or  whether  it  was  due  to 
an  insufficient  supply  of  plums  for  them  to  attack  last  spring, 
is  difficult  to  determine  ;  possibly  both  factors  occurred. 

For  several  years  the  imported  willow-borer  (Oiypto- 
rh>/nchus  Icq^athi)  has  been  present  in  great  abundance. 
The  injuries  which  it  causes  to  willows,  poplars  and  similar 
soft-wooded  trees  are  frequently  serious ;  and  it  is  now  al- 
most impossible  to  raise  these  trees  in  some  localities,  thus 
greatly  reducing  their  value  for  planting  as  holders  of  the 
soil  in  such  places  as  on  sandy  beaches.  No  satisfactory 
method  of  combating  this  insect  has  as  j^et  been  discovered. 

The  brown-tail  moth  has  continued  to  enlarge  its  area  of 
occupation,  and  it  is  only  a  question  of  time  how  soon  it 
will  be  a  pest  all  over  New  England. 

The  gypsy  moth  has  now  to  a  considerable  extent  recovered 
from  the  attacks  made  upon  it  by  the  State,  which  ceased  in 
1899,  and  in  many  places  is  as  abundant  as  it  ever  was.  A 
careful  examination  of  a  large  part  of  the  infested  territory 
shows  one  change  from  former  conditions;  then,  in  towns 
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not  generally  badly  infested,  the  insect  would  be  found  in 
colonies,  while  elsewhere  the  trees  and  plants  were  not  in- 
fested ;  at  the  present  time  the  colonies  in  such  towns  are 
not  as  populous  })erhaps  as  formerly,  but  the  insects  are  gen- 
erally scattered,  a  few  here  and  a  few  there,  thus  producing 
what  may  be  termed  a  general  distril)ution.  This  probably 
settles  the  possibility  of  extermination  in  the  negative  for 
the  future.  The  State  has  lost  its  opportunity,  and  must 
abide  by  the  results.  No  new  important  parasitic  or  pre- 
daceous  foes  have  appeared  thus  far,  and  man  must  depend 
almost  entirely  on  his  own  exertions  to  control  this  pest. 
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EEPORT   OF   THE   AGRICULTURISTS. 


WM.  P.  brooks;  assistant,  f.  r.  church. 


The  agricultural  department  during  the  past  season  has 
followed  up  the  main  lines  of  inquiry  pertaining  to  the  selec- 
tion of  manures  and  fertilizers  for  the  various  crops  of  the 
field  and  garden  previously  undertaken.  It  is  recognized 
that  the  inevitable  variations  due  to  seasonal  and  other  con- 
ditions beyond  control  make  necessary  numerous  repetitions 
of  an  experiment  before  results  justify  general  conclusions. 
It  is  comparatively  easy,  for  example,  to  determine  whether 
a  given  fertilizer  is  useful  to  a  given  crop  upon  a  given  field 
in  any  one  year.  One  is  not,  therefore,  justified  in  conclud- 
ing that  it  will  prove  useful  every  year ;  one  does  not  knoAV 
that  it  will  prove  useful  in  other  combinations  of  fertilizer 
materials,  nor  even  that  its  continued  use  may  not  ultimately 
prove  harmful  in  certain  directions. 

Results  must  be  tested  by  experiments  again  and  again, 
and  yet  again,  before  the  conditions  affecting  them  can  be 
estimated  at  their  true  value,  safe  deductions  drawn  there- 
from that  will  be  generally  useful,  or  advice  founded  upon 
them.  The  past  season,  so  exceptional  in  character,  aft'ords 
striking  illustration  of  the  necessity  of  such  repetition  in  the 
nature  of  the  results  from  the  use  of  a  number  of  materials 
which  it  was  believed  we  quite  fully  understood.  As  a 
means  of  testing  the  results  in  plot  experiments  in  the  open 
field,  where  numerous  conditions  are  beyond  control,  we 
have  the  past  season  continued  the  system  of  closed  plot  and 
vegetation  experiments . 

We  have  begun  a  series  of  experiments  with  asparagus, 
for  which  we  have  been  making  pre})aration  for  the  past  two 
years,  having  laid  out  forty-two  plots  for  that  pur})ose,  with 
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a  view  to  seeking  light  as  to  the  manurial  needs  of  the  crop, 
both  as  reg^ards  the  selection  and  amount  of  materials  re- 
quired  and  the  time  of  application.  One-year-old  plants  of 
our  own  growing  were  set  last  spring,  and  have  made  a  good 
start. 

Forty-eight  new  varieties  of  potatoes  have  been  given  a 
preUminary  trial,  but  will  not  be  reported  until  after  another 
year. 

Our  grass  garden,  with  forty-eight  species  and  seven  varie- 
ties, has  been  thoroughly  cared  for,  and  one-half  the  plot  of 
each  species  lawn-mowed  throughout  the  season. 

Exclusive  of  these  plots  of  grass,  our  work  has  involved 
the  care  of  two  hundred  and  twenty-three  plots  in  the  open 
field  and  one  hundred  and  fifty  closed  plots,  while  our  vege- 
tation experimentsK,  have  required  the  care  of  two  hundred 
and  fifty-four  plots. 

The  work  with  poultry  has  been  of  practically  the  same 
amount  as  in  recent  years,  as  we  some  time  ago  reached  the 
limit  with  our  present  equipment.  The  study  of  the  rela- 
tions of  feeds  to  egg  production  has  engaged  the  greater 
share  of  the  time  devoted  to  this  line  of  work. 

In  this  report  will  be  presented  a  statement  of  results 
obtained  in  a  portion  only  of  the  plot  experiments  pertaining 
to  the  use  of  manures  and  fertilizers.  Other  results  are 
reserved  for  discussion  in  bulletins  which  it  is  hoped  may  be 
published  within  the  near  future.  A  brief  statement  only 
will  be  made  in  this  report  of  the  general  results  obtained  in 
our  experiments  with  poultry. 

The  nature  of  the  principal  subjects  of  inquiry  and  the 
more  important  conclusions  will  be  made  clear  by  the  follow- 
ing statement :  — 

I. — The  relative  value  of  barnyard  manure,  nitrate  of 
soda,  sulfate  of  ammonia  and  dried  blood  as  sources  of  nitro- 
gen. Soy  beans,  the  crop  of  this  year,  gave  yields  on  the 
basis  of  which  the  materials  rank  in  the  followinof  order : 
barnyard  manure,  nitrate  of  soda,  dried  blood,  sulfate  of 
ammonia.  The  nitrate  of  soda  ranks  relatively  lower  this 
year  than  in  most  previous  years,  but  the  general  average  to 
date  ranks  the  materials  as  follows,  on  the  basis  of  increases 
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in  the  crops  as  compared  with  the  no-nitrogen  plots  :  nitrate 
of  soda,  100;  barnyard  manure,  77.8;  dried  blood,  65.1; 
sulfate  of  ammonia,  63.6. 

II.  — The  relative  value  of  muriate  and  high-grade  sulfate 
of  potash  for  field  crops.  The  results  of  this  year  indicate  the 
sulfate  to  be  superior  to  the  muriate  for  potatoes.  For  the 
soy  beans  the  two  salts  gave  nearly  equal  yields,  while 
the  crops  of  cabbages  and  onions  were  practical  failures  on 
both  salts,  largely,  it  is  believed,  because  of  the  unfavorable 
season. 

HI. — A.  The  relative  value  of  nitrate  of  soda,  sulfate 
of  ammonia,  and  dried  blood,  used  in  connection  with  ma- 
nure, as  sources  of  nitrogen  for  garden  crops.  The  results 
indicate  these  materials  used  in  amounts  furnishing  equal 
nitrogen  to  rank  for  this  year  in  the  following  order  :  for  the 
early  crops,  —  including  dandelions,  strawberries,  peas  and 
beets,  —  dried  blood,  nitrate  of  soda,  sulfate  of  ammonia; 
for  the  late  crops,  nitrate  of  soda  ranks  first,  followed  by 
dried  blood  and  sulfate  of  ammonia.  JB.  Relative  value  of 
sulfate  and  muriate  of  potash  for  garden  crops.  The  results 
of  the  year  indicate  the  sulfate  of  potash  to  be  the  better  for 
strawberries,  tomatoes,  cucumbers,  celery  and  turnips  ;  while 
the  muriate  has  given  slightly  superior  results  with  dande- 
lions, peas  and  beets. 

IV.  —  The  relative  value  of  different  potash  salts  for  field 
crops.  The  salts  under  comparison  are  high-grade  sulfate, 
low-grade  sulfate,  kainite,  muriate,  nitrate,  carbonate  and 
silicate.  The  crop  of  this  year  was  clover,  mixed  with  tim- 
othy. As  indicated  by  the  yields  of  clover,  the  best  results 
were  obtained  on  the  high-grade  sulfate  ;  while  the  silicate, 
carbonate,  low-grade  sulfate  and  nitrate  gave  results  almost 
as  good.  The  yield  of  timothy  was  heaviest  on  the  kainite 
and  muriate.  As  last  year,  one  of  the  most  striking  results 
of  the  experiment  was  the  injury  to  the  clover  due  to  potash 
salts  containing  chlorine,  —  especially  to  the  kainite. 

V. — The  relative  value  of  })hosphates  used  in  quantities 
furnishing  equal  phosphoric  acid  to  each  plot.  The  crop  of 
this  year  was  cabbages,  and  those  which  gave  satisfactory 
growth  and  yield  in  the  order  of  their  rank  are  :  dissolved 
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bone  meal,  South  Carolina  rook  phosphate,  raw  bone  meal, 
phosphatic  slag,  steamed  bone  meal,  and  dissolved  bone- 
black.  Three  phosphates  gave  results  nuich  inferior  to  any 
of  the  others,  viz.,  Tennessee  phosphate,  apatite,  and  Florida 
soft  phosphate. 

VI.  — A.  Soil  test  with  corn.  The  crop  of  this  year  was 
very  small  on  all  plots,  owing  to  the  unfavorable  season  ;  but 
the  potash  increased  the  crop  to  a  far  gTeater  extent  than  any 
other  plant-food  element.  JB.  Soil  test  with  mixed  gi-ass 
and  clover.  The  results  demonstrate  the  close  dependence 
of  the  grass  crop  upon  the  supply  of  nitrate  of  soda.  They 
indicate  also  the  increased  tendency  of  continued  use  of 
nitrate  and  muriate  of  potash  to  bring  the  soil  into  an  acid 
condition.  Another  marked  result  is  the  effect  of  an  appli- 
cation of  lime  in  increasing  the  proportion  of  timothy  in  a 
mowing  sown  to  a  mixture  of  timothy,  red-top  and  clover. 

VII.  —  To  determine  the  economical  result  of  using  in 
rotation  on  grass  lands  :  the  first  year,  barnyard  manure  ; 
the  second  year,  wood  ashes ;  and  the  third  year,  ground 
bone  and  muriate  of  potash.  The  average  yield  of  hay,  all 
three  systems  of  manuring  being  represented,  is  at  the  rate 
of  8,104  pounds  per  acre  in  two  crops.  The  average  on 
that  portion  of  the  field  reseeded  last  summer  is  on  one  plot 
at  the  rate  of  8,546.5  pounds  for  the  reseeded  portion  ;  for 
the  portion  not  reseeded,  6,243  pounds.  On  another  plot 
the  average  yield  on  the  reseeded  portion  is  at  the  rate  of 
10,003  pounds,  and  on  the  portion  not  reseeded  5,642 
pounds,  per  acre. 

VIII.  —  Winter  compared  with  spring  application  of  ma- 
nure. The  field  where  this  experiment  is  tried  slopes  mod- 
erately lengthwise  of  the  plots.  The  crop  this  year  was  soy 
beans,  and  the  crops  under  the  two  systems  of  application 
were  not  far  from  equal,  but  with  the  advantage  slightly  in 
favor  of  the  winter  over  spring  application .  This  result  ap- 
pears to  have  been  due  to  the  fact  that  the  ground  beneath 
its  covering  of  snow  remained  unfrozen  throughout  the  win- 
ter, and  that  there  was  practically  no  wash  over  the  surface. 

IX.  —  To  determine  the  best  nutritive  ratio  or  the  best 
mixture  of  feeds  for  lavino;  hens.     The  results  of  the  vear 


114  HATCH   EXPERIMENT   STATION.  [Jan. 

appear  to  indicate  that  it  is  not  essential  to  feed  a  mixture 
of  feeds  giving  a  narrow  nutritive  ratio  for  satisfactory  egg 
production.  They  indicate,  further,  that  the  proportion  of 
fat  in  the  ration  is  a  matter  of  much  importance,  a  large 
proportion  favoring  egg  production  ;  and  that,  on  the  other 
hand,  a  large  proportion  of  fiber  in  the  ration,  such  as  would 
be  furnished  when  grains  like  oats  and  barley  are  largely 
used,  is  unfavorable  to  egg  production.  A  ration  in  which 
corn  is  prominent  has  given  results  considerably  superior  to 
those  obtained  with  the  ration  in  which  wheat  is  prominent ; 
and  the  economic  results  in  feeding  corn  largely  in  connec- 
tion Avith  a  suitable  amount  of  animal  food  are  much  superior 
to  the  similar  results  with  w^heat. 

I.  —  Manure  and  Fertilizers  furnishing  Nitrogen 
COMPARED.      (Field  A.) 

A  full  description  of  the  plan  of  the  experiment  on  Field 
A  was  given  in  the  twelfth  annual  report  of  the  Hatch  Ex- 
periment Station.  There  are  two  objects  in  view  :  first,  to 
compare  the  efiiciency  (as  measured  by  crop  production)  of 
a  few  of  the  standard  materials  that  may  be  used  on  the  farm 
as  sources  of  nitrogen ;  second,  to  determine  to  what  extent 
the  introduction  of  a  crop  belonging  to  the  clover  family  is 
capable  of  rendering  the  application  of  nitrogen  to  a  succeed- 
ing crop  of  another  family  unnecessary.  The  materials  fur- 
nishing nitrogen  under  comparison  are  barnyard  manure, 
nitrate  of  soda,  sulfate  of  ammonia,  and  dried  blood.  There 
are  eleven  plots  in  the  field,  and  with  few  and  practically 
unimportant  exceptions  each  has  been  manured  in  the  same 
way  since  1899.  All  plots  are  liberally  manured  each  3^ear 
with  materials  supplying  phosphoric  acid  and  potash,  and  in 
quantities  to  furnish  these  elements  in  equal  amounts.  Ma- 
nure or  fertilizers  supplying  nitrogen  are  applied  yearly  to 
eight  of  the  eleven  plots,  and  in  quantities  to  furnish  nitro- 
gen at  the  rate  of  45  pounds  per  acre  to  each.  Barnyard 
manure  is  applied  to  one  plot,  nitrate  of  soda  to  two,  sulfate 
of  ammonia  to  three,  and  dried  blood  to  two  plots.  Three 
plots  have  had  no  nitrogen  applied  to  them  since  1884.  The 
potash  applied  to  these  plots  is  supplied  in  the  form  of  nmri- 
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ate  to  six  plots,  viz.,  1,  3,  6,  7,  8  and  9.  It  is  supplied  in 
the  form  of  low-grade  sulfate  to  four  plots,  viz.,  2,  4,  5  and 
10.  The  crops  grown  in  this  experiment  previous  to  this 
year  in  the  order  of  their  succession  have  been  :  oats,  rye, 
soy  beans,  oats,  soy  beans,  oats,  soy  beans,  oats,  oats,  clover, 
potatoes,  soy  beans,  potatoes.  The  crop  of  this  year  was 
the  medium  green  soy  bean. 

It  will  be  generally  understood  that,  if  the  object  in  view 
in  an  experiment  should  be  simpl}^  the  determination  of  the 
relative  value  of  different  materials  applied  as  sources  of 
nitrogen,  such  a  crop  as  the  soy  bean  (which  belongs  to  the 
clover  family,  and  which  therefore  under  the  right  conditions 
can  draw  upon  the  air  for  a  portion  or  perhaps  for  all  of  its 
nitrogen)  would  not  be  selected  ;  but  we  are  testing  not 
simply  the  relative  value  of  the  different  nitrogen  manures, 
but  also  the  effect  of  the  legume  grown  on  the  no-nitrogen 
plots  upon  the  succeeding  crop.  Accordingly,  the  soy  bean, 
which  is  one  of  the  most  successful  of  the  legumes  grown  as 
a  hoed  crop,  was  our  choice,  as  it  has  been  several  other 
years,  during  the  progress  of  this  experiment. 

The  crop  was  planted  on  May  20,  and  was  well  cared  for 
throughout  the  season.  Ko  accident  or  inequality  in  extent 
of  insect  or  other  damage  on  the  several  plots  interfered  with 
the  normal  results  of  the  experiment ;  but  the  season  was 
highly  unfavorable  to  the  growth  of  the  crop,  which  is  one 
requiring  protracted  warm  weather. 

Although  the  yield  on  the  plots  to  which  the  nitrate  of 
soda  was  applied  was  fairly  satisfactory,  attention  is  here 
called  to  the  fact  that  this  fertilizer  seems  to  exert  an  adverse 
influence  upon  the  early  development  of  the  soy  bean.  It 
has  been  repeatedly  noticed  that  where  nitrate  of  soda  is  the 
source  of  nitrogen,  the  leaves,  especially  in  the  early  stages 
of  growth,  assume  a  crinkled  or  wrinkled  appearance,  and 
fail  to  reach  full  size  and  normal  development.  This  crink- 
ling appears  to  be  due  to  the  death  of  the  marginal  tissues 
of  the  leaf,  and  such  death  is  supposed  to  be  due  to  an  accu- 
mulation of  nitrates  in  injurious  amounts  in  these  tissues. 
The  margin  of  the  leaf  ceasing  to  grow,  while  its  main  body 
still  continues  to  develop,  the  inevitable  consequence  is  the 
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crinkling  effect  which  has  been  alhided  to.  As  the  season 
advances,  the  soy  bean  plants  as  a  rule  show  a  more  normal 
leaf  development ;  and,  although  the  crinkling  this  season 
was  excessive,  the  yield  on  the  nitrate  of  soda  plots  does  not 
appear  to  have  been  materially  decreased,  as  a  consequence. 

Attention  is  here  called,  with  regret,  to  the  fact  that  there 
was  undoubtedly  an  error  made  in  determining  the  weight 
of  the  straw  on  Plot  10.  Close  observation  throughout  the 
season  leads  to  the  conclusion  on  the  part  both  of  my  assist- 
ant and  myself  that  the  relative  growth  of  vines  as  compared 
with  seed  on  this  plot  was  quite  as  large  as  on  any  other  in 
the  field,  and  yet  the  weight  as  reported  shows  it  to  have 
been  in  proportion  to  seed  less  than  on  anv  other  plot. 

The  yields  obtained  on  the  several  plots  and  the  sources 
of  nitrogen  on  each  are  shown  in  the  following  table  :  — 


Yield  of  Soy  Becms  per  Acre. 


Plots. 

Nitrogen  Fertilizers  used. 

Beans 

(Bushels). 

Straw 
(Pounds). 

0,  . 

1,  • 

Barnyard  manure  (most  of  potash  used  contalm 

the  manure). 
Nitrate  of  soda  (muriate  of  potasli), 

id  in 

23.8 
20.5 

2,010 
1,700 

2,      . 

Nitrate  of  soda  (sulfate  of  potash),  . 

24.8 

2,080 

3,     . 

Dried  blood  (muriate  of  potash), 

16.7 

2,015 

4,      . 

No  nitrogen  (sulfate  of  potash), 

17.1 

1,705 

5,      . 

Sulfate  of  ammonia  (sulfate  of  potasli), . 

16.9 

1,480 

<),      . 

Sulfate  of  ammonia  (muriate  of  potash), 

11.6 

l.lfiO 

7,      . 

No  nitrogen  (muriate  of  potash), 

11.1 

1,125 

8,      . 

Sulfate  of  ammonia  (muriate  of  potash). 

14.8 

1,390 

9,      . 

No  nitrogen  (muriate  of  potash), 

8.8 

745 

10,      . 

Dried  blood  (sulfate  of  potash). 

21.7 

1,225 

It  will  be  noticed  that  the  crop,  even  on  the  best  plot,  this 
year  is  small.  In  1901,  when  the  same  crop  was  grown,  the 
yield  on  the  poorest  plot  was  at  a  higher  rate  (25.86  bushels 
of  seed)  than  that  on  the  best  plot  this  year  ;  while  the  aver- 
age yield  on  all  plots,  including  those  to  which  no  nitrogen 
was  applied,  was  at  the  rate  of  29.9  bushels  per  acre  in 
1901.  The  inferiority  of  the  crop  of  this  year  was  undoubt- 
edly largely  the  consequence  of  the  unfavorabh^  season,  al- 
though there  is  some  evidence  that  this  soil  may  once  more 
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need  iiii  application  of  Vmw.  It  has  received  no  lime  since 
1898,  when  this  material  was  applied  at  the  rate  of  one  ton 
to  the  acre.  An  abundance  of  lime  in  the  soil  is  well  known 
to  be  highly  important  to  nearly  all  legumes. 

The  average  yields  of  this  year,  as  affected  by  the  fertil- 
izers used,  are  clearly  shown  in  the  following  talile  :  — 


Fertilizers  used. 

Beans 
(Bushels). 

Straw 
(Pounds). 

Average  of  the  no-nitrogen  plots  (3) 

Average  of  the  nitrate  of  soda  plots  ("2),  . 

Average  of  the  dried  blood  plots  (2) 

Average  of  the  sulfate  of  annnonia  plots  (3),  . 

12.3 
22.7 
19.2 
14.4 

1,192 
1,S90 
1,620 
1,343 

As  the  result  of  all  experiments  previous  to  this  year,  it  is 
found  that  the  materials  furnishing  nitrogen  have  produced 
crops  ranking  in  the  following  order  :  — 


Nitrate  of  soda, 
Barnyard  manure, 
Sulfate  of  ammonia, 
Dried  blood, 
No  nitrogen. 


Per  Cent. 

100.00 
93.10 
92.00 
90.80 
73.80 


Similar  averages  for  this  year  are  shown  below  :  — 


Fertilizers  used. 

Barnyard  manure,  .... 

Nitrate  of  soda 

Dried  blood 

Sulfate  of  ammonia,      .... 
No  nitrogen 


Beans 
(Percent.). 


straw 
(Percent). 


100.00 
95.38 
80.67 
60.50 
51.68 


100.00 
94.03 
80.60 
66.82 
59.30 


The  nitrate  of  soda,  as  last  year,  stands  relatively  lower 
than  it  usually  has  done.  It  is  believed  that  the  excessive 
rains  of  the  past  two  seasons  have  caused  the  loss  of  some  of 
the  nitrate  of  soda ;  which  may  well  have  washed  through 
the  soil  and  been  carried  away  in  the  drainage  waters. 

The  average  yield  of  all  the  nitrogen  plots,  as  compared 
with  the  average  of  those  receiving  no  nitrogen,  is  shown 
below  :  — 
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Beans 
(Bushels). 

Straw 
(Pounds). 

Average,  8  nitrogen  plots, 

Average,  3  no-nitrogen  plots 

18.85 
12.33 

1,633 
1,192 

It  will  be  noticed  that  the  no-nitrogen  plots  give  only  about 
65  per  cent,  as  much  seed  as  the  plots  receiving  nitrogen,  and 
about  73  per  cent,  as  much  straw.  The  nodules  in  which  are 
found  the  bacteria  connected  with  the  assimilation  of  atmos- 
pheric nitrogen  were  very  abundant  upon  the  roots  of  the 
plants  upon  all  plots,  as  was  determined  by  frequent  exami- 
nation. In  spite  of  this  fact,  the  supply  of  nitrogen  at  the 
disposition  of  the  plants  on  the  no-nitrogen  plots  appears  to 
have  been  inadequate  for  even  fairly  vigorous  growth.  No 
reason  can  be  assigned,  unless  it  be  that  the  acid  condition 
of  the  soil  prevented  the  normal  action  of  the  agencies  con- 
nected with  the  assimilation  of  atmospheric  nitrogen. 

In  conclusion,  attention  is  called  to  the  fact  that  nitrate 
of  soda  must  be  regarded  as  one  of  the  most  desirable  of  the 
materials  that  can  be  purchased  as  a  source  of  nitrogen.  The 
cost  of  nitrogen  in  this  form  is  lower  than  in  most  other 
materials,  and  in  this  as  well  as  in  other  experiments  upon 
our  grounds  it  usually  shows  itself  to  be  more  effective  than 
any  other  nitrogen  fertilizer.  Its  superiority  to  the  other 
materials  used  in  this  experiment  is  made  more  evident  if  in 
place  of  comparing  total  yields  we  compare  the  increases  in 
yields  produced  by  the  several  nitrogen  fertilizers.  On  this 
basis,  including  all  crops  raised  to  date,  but  taking  into 
account  the  seed  only  for  this  year,  the  different  materials 
rank  as  follows  :  — 

Relative  Increases  in  Yields,  Average  for  Fourteen  Years. 

Per  Cent. 
Nitrate  of  soda, 100.00 

Barnyard  manure,     .  .  .  .  .  .  .77.80 

Dried  blood, 65.10 

Sulfate  of  ammonia, .63.60 
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n.  —  The  Relative  Value  of  Muriate  and  High-grade 
Sulfate  of  Potash.     (Field  B.) 

The  experiments  on  this  field  are  in  continuation  of  work 
whicli  has  been  in  progress  since  1892,  and  I  cannot  do  bet- 
ter in  introducing  what  is  to  be  reported  for  this  year  than 
to  quote  from  my  last  annual  report.  The  object  of  this 
experiment  "is  to  determine  the  relative  value  for  different 
crops  of  the  two  leading  and  cheapest  i^ources  of  potash, 
viz.,  muriate  and  high-grade  sulfate.  These  salts  are  used 
in  equal  quantities  continuously  upon  the  same  land.  The 
field  contains  eleven  plots,  of  approximately  one-eighth  of 
an  acre  each.  Of  these,  six  have  been  yearly  manured  with 
muriate  of  potash  and  five  with  the  high-grade  sulfate. 
From  1892  to  1899  inclusive  these  salts  were  used  at  the 
rate  of  400  pounds  per  acre  ;  since  1900  the  rate  of  applica- 
tion has  been  250  pounds  per  acre.  Fine-ground  bone  at 
the  rate  of  600  pounds  per  acre  has  been  yearly  applied  to 
all  plots.  Various  crops  have  been  grown  in  rotation,  in- 
cluding potatoes,  field  corn,  sweet  corn,  grasses,  oats  and 
vetch,  barley  and  vetch,  winter  rye,  clovers  of  various 
kinds,  sugar  beets,  soy  beans  and  cabbages.  Most  of  these 
crops  have  been  grown  during  several  years.  All  have  with 
few  exceptions  given  uniformly  large  yields.  The  results  to 
date  may  be  summarized  as  follows  :  among  the  crops  grown, 
the  potatoes,  clovers,  cabbages  and  soy  beans  have  usually 
done  much  the  best  on  sulfate  of  potash ;  the  yield  of  corn, 
grasses,  oats,  barley,  vetches  and  sugar  beets  has  been  about 
equally  good  on  the  two  salts  ;  the  quality  of  the  potatoes 
and  sugar  beets  produced  on  the  sulfate  of  potash  plots  has 
been  distinctly  better  than  that  of  the  crops  produced  on  the 
muriate  of  potash." 

The  crops  of  the  past  year  have  been  potatoes,  cabbages, 
onions,  and  soy  beans,  while  on  two  plots  perennial  garden 
crops  and  small  fruits,  viz.,  rhubarb,  asparagus,  raspberries 
and  blackberries  have  been  started.  The  crops  both  of 
onions  and  cabbages  were  practically  failures  ;  in  both  cases, 
it  is  believed,  largely  on  account  of  the  abnormally  cold  and 
otherwise  very  unfavorable  season.     The  onion  crop  through- 
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out  this  entire  section  was  in  general  the  poorest  known  for 
years.  The  cabbages  made  a  healthy  growth,  but,  as  the 
season  proved,  were  started  much  too  late.  With  average 
summer  temperatures  the  crop  would  have  matured,  but 
under  the  conditions  of  the  past  season  few  heads  reached 
marketable  development.  The  number  of  such  heads  on 
the  muriate  of  potash  was  considerably  more  than  on  the 
sulfate,  and  the  total  weight  of  the  crop  on  the  muriate  was 
at  the  rate  of  about  4,400  pounds  per  acre  greater  than  on 
the  sulfate.  In  the  case  of  the  onions  the  total  weight  of 
crop  produced,  including  scallions  and  tops,  was  at  the  rate 
of  about  1,000  pounds  per  acre  greater  on  the  miu'iate  than 
on  the  sulfate,  but  there  were  only  5  bushels  more  of  good 
onions.  In  view  of  the  nature  of  the  results  with  these  two 
crops,  further  details  concerning  them  will  not  be  given. 

1.  8oy  Beans  (^Sulfate  v.  Muriate  of  Potash). 
The  variety  of  soy  beans  grown  in  this  experiment  was  the 
medium  green.  This  crop  occupied  two  plots  (17  and  18), 
which  last  year  produced  a  crop  of  cabbages.  The  yield  of 
cabbages  last  year  on  the  sulfate  of  potash  was  at  the  rate 
of  about  5  tons  to  the  acre  more  than  on  the  mm*iate.  The 
crop  this  year  suffered  from  no  accidental  conditions  affect- 
ing results,  but  owing  to  the  unfavorable  season  the  yields 
were  very  small.     The  results  are  shown  in  the  table  :  — 

Muriate  v.  High-grade  Sulfate  of  Potash.  —  Medium  Green  Soy  Beans, 

Yields  per  Acre. 


Fertilizers  used. 


Beans 
(Bushels). 


Straw 
(I'oimds). 


Muriate  of  potash, 
Sulfate  of  potash,  . 


11.20 
10.73 


1,000 


It  will  be  noted  that  the  yield  of  beans  is  slightly  greater 
on  the  muriate  than  on  the  sulfate  ;  the  difference,  however, 
is  exceedingly  small,  and  no  especial  significance  can  be 
attached  to  it.  In  previous  years  the  sulfate  of  potash  has 
usually  given  the  better  crop  of  this  variety  of  beans,  and  I 
am  still  inclined  to  advise  its  selection.     The  greater  deple- 
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tion  of  the  soil  as  a  result  of  the  heavy  yield  of  cabbages 
last  year  on  the  plot  receiving  the  sulfate  of  potash  may  in 
part  account  for  the  fact  that  the  sulfate  of  potash  this  year 
fails  to  show  its  usual  superiority. 

2.  Potatoes  (^Sulfate  v.  Muriate  of  Potash) . 
The  potatoes  in  this  experiment  were  of  the  Beauty  of 
Hebron  variety  ;  the  seed  was  grown  in  northern  Maine. 
This  crop  occupied  two  plots  (11  and  12),  which  last  year 
produced  a  mixed  crop  of  timothy  and  clover.  The  sod  was 
broken  this  spring,  and  the  seed,  which  had  been  previously 
treated  with  formalin  for  destruction  of  scab  spores,  and 
budded,  was  planted  on  May  16.  An  effort  was  made  to 
protect  the  crop  from  insects  and  blight  by  the  use  of  pre- 
pared insecticides  and  fungicides  offered  in  our  markets. 
These  proved  fairly  satisfactory  in  the  destruction  of  the 
potato  beetle,  but  were  not  entirely  effective  in  preventing 
blight.  The  vines  began  to  show  signs  of  blight  on  July  18, 
but  its  progress  was  slow  ;  there  was  but  very  little  rot,  and 
the  yield  was  fairly  satisfactory.  The  potatoes  were  dug 
after  the  vines  were  entirely  dead,  and  the  yields  were  as 
shown  below. 

Muriate  v.  High-grade  Sulfate  of  Potash.  —  Potatoes,  Yield  jicr  Acre 

(Brishels). 


Fertilizers  used. 


Merchantable. 


Small. 


Muriate  of  potash, 
Sulfate  of  potash,  . 


171.71 
194.58 


29.94 
29.09 


It  will  be  noticed  that  the  yield  of  small  tubers  was  practi- 
cally identical  on  the  two  potash  salts,  but  that  the  sulfate  of 
potash  gave  a  yield  of  merchantable  tubers  at  the  rate  of  nearly 
23  bushels  per  acre  gi-eater  than  the  muriate.  This  result  is 
in  exact  agreement  with  the  results  of  many  other  experi- 
ments which  have  been '  tried  upon  our  grounds ;  and  it 
seems  to  be  impossible  to  doubt  that  sulfate  of  potash  should 
be  generally  selected  for  the  potato,  rather  than  the  muriate, 
for  all  soils  which  have  a  fair  capacity  to  retain  moisture. 
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Farmers  raising  the  crop  on  such  soils  should  demand  potato 
fertilizers  in  which  this  salt  has  been  used  as  the  source  of 
potash.  Not  only  is  the  crop  almost  invariably  larger  on 
the  sulfate,  but  it  is  of  superior  eating  quality.  Previous 
experiments  here  have  shown  that  it  almost  invariably  con- 
tains from  2  to  3  per  cent,  more  starch,  and  that  when  cooked 
the  potatoes  are  whiter,  of  better  flavor,  and  more  mealy. 

III.  —  Fertilizers  for  Garden  Crops.  (Field  C.) 
The  object  in  this  experiment  is  to  study  the  influence  of 
a  few  standard  fertilizers  used  continuously  upon  the  same 
land  upon  the  yield  of  garden  crops .  The  experiments  were 
beo-un  in  1891,  and  from  that  date  to  1897  inclusive  fertili- 
zers  alone  were  applied  to  the  land.  During  the  past  six 
years  stable  manure  also  has  been  applied  in  equal  quanti- 
ties (at  the  rate  of  30  tons  per  acre)  to  each  of  the  plots, 
while  the  fertilizers  have  been  used  in  the  same  amounts  and 
applied  to  the  same  plots  as  at  first.  The  original  number 
of  plots  in  the  experiment  was  six,  of  about  one-eighth  of  an 
acre  each.  On  all  of  these  fertilizers  were  used.  When  we 
first  began  to  apply  manure  as  well  as  fertilizers,  we  intro- 
duced into  the  experiment  a  seventh  plot  of  the  same  area 
as  the  others,  but  which  had  had  difi'erent  previous  manurial 
treatment.  To  this  we  have  since  applied  manure  only  at 
the  above-named  rate.  This  plot  was  introduced  in  order 
that  we  might  have  a  basis  for  determining  whether  the 
materials  used  were  in  any  degree  beneficial  when  added  to 
the  somewhat  liberal  quantity  of  manure  employed.  It  was 
found  that  at  first  the  yields  of  almost  all  crops  on  the  ma- 
nure alone  were  ahnost  as  good  as  those  where  the  fertilizers 
also  were  used.  In  a  few  cases  the  manure  alone  gave  the 
better  crops.  It  is  not  believed  that  we  are  justified  in  con- 
cluding that  the  fertilizers  have  been  used  without  beneficial 
efiect,  for  the  no-fertilizer  plot  introduced  in  1898  had,  pre- 
vious to  that  year,  been  more  heavily  manured  than  the  other 
plots.  The  superiority  of  the  plot  receiving  manure  alone 
seems  to  be  gradually  decreasing,  and  this  plot  will  doubt- 
less ultimately  serve  as  a  basis  for  making  fair  com})arisons 
between  the  results  obtainable  Avith  manure  alone  and  results 
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obtained  with  equal  manure  and  fertilizers.  Up  to  the  pres- 
ent time  it  is  not  considered  to  have  furnished  sucli  a  basis, 
and  no  reference  accordingly  will  be  made  in  this  report  to 
the  yields  upon  this  plot. 

All  the  prominent  out-door  garden  crops  in  this  locality 
have  been  gi-own  in  rotation  u})on  each  plot,  and  each  crop 
during  several  years.  The  list  of  crops  so  far  grown  includes 
spinach,  lettuce,  onions,  garden  peas,  table  beets,  early  and 
late  cabbages,  potatoes,  tomatoes,  squashes,  cucumbers,  tur- 
nips, sweet  corn,  celery,  and  one  small  fruit,  —  strawberries. 
Asparagus  and  rhubarb  were  set  in  1902,  but  no  cuttings 
have  yet  been  made,  and  these  will  not  therefore  be  referred 
to  in  this  report. 

As  stated  in  my  last  annual  report,  these  "experiments 
have  been  planned  with  reference  to  tlirowing  light  espe- 
cially upon  two  points  :  A.  The  relative  value  of  nitrate  of 
soda,  sulfate  of  ammonia  and  dried  blood  used  as  sources 
of  nitrogen.  B.  The  relative  value  of  sulfate  of  potash 
and  muriate  of  potash.  These  two  points  will  be  separately 
discussed." 

A.  —  The  Relative  Value  of  Nitrate  of  Soda,  Sulfate  of  Am- 
monia and  Dried  Blood  as  Sources  of  Nitrogen. 
The  three  fertilizers  compared  as  sources  of  nitrogen  have 
from  tiie  first  been  applied  in  such  amounts  as  to  furnish 
equal  nitrogen  to  each  plot  (at  the  rate  of  60  pounds  per 
acre) ,  and  each  fertilizer  is  always  applied  to  the  same  plot. 
An  application  supplying  per  acre  the  amount  of  nitrogen 
above  named  requires  the  annual  application  of  materials  at 
about  the  following  rates  per  acre  :  — 

Pounds. 
Nitrate  of  soda,     ........     375 

Sulfate  of  ammonia,       .......     300 

Dried  blood, 850 

Each  of  these  nitrogen  fertilizers  is  used  on  two  plots,  on 
one  with  sulfate  of  potash,  on  the  other  with  muriate,  —  in 
both  cases  in  such  quantities  as  to  furnish  equal  actual  potash. 

The  results  with  some  of  the  crops,  especially  where  sul- 
fate of  ammonia  is  the  source  of  nitrogen,  have  been  widely 
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difterent  on  these  two  potash  salts,  the  yields  on  the  sulfate 
being  greatly  superior  to  those  on  the  muriate.  The  potash 
salts  are  applied  in  such  quantities  as  to  furnish  potash  at 
the  rate  of  120  pounds  per  acre,  which  requires  the  use  of 
about  240  pounds  of  commercial  muriate  or  high-grade  sul- 
fate of  potash.  Dissolved  bone-black  is  used  on  all  plots  as 
the  source  of  phosphoric  acid,  and  in  such  quantity  as  to 
furnish  phosphoric  acid  at  the  rate  of  about  50.4  pounds  per 
acre.  To  furnish  this,  dissolved  bone-black  is  applied  at  the 
rate  of  about  320  pounds  per  acre. 

The  results  previous  to  this  year  may  be  summarized  as  in 
our  last  annual  report.  For  the  early  crops,  i.e.,  the  crops 
making  most  of  their  growth  before  mid-summer,  including 
onions,  lettuce,  taljle  beets,  garden  peas,  spinach,  early  cab- 
basfes  and  strawberries,  the  nitrate  of  soda  has  been  found 
the  most  effective  source  of  nitrogen.  The  relative  standing 
of  the  different  nitrogen  fertilizers,  as  measured  by  the  total 
yields,  including  leaves,  vines  and  tops  as  well  as  the  mar- 
ketable product,  is  as  follows  :  — 

Per  Cent. 

Nitrate  of  soda, 100.00 

Dried  blood, 93.70 

Sulfate  of  ammonia,  .         .         .         .         .         .57.30 

For  the  late  crops,  including  late  cabbages,  turnips,  cel- 
ery, tomatoes  and  squashes  :  — 

Per  Cent. 

Nitrate  of  soda, 100.00 

Dried  blood, 99.00 

Sulfate  of  ammonia,  .  .  .  .  .  .78.40 

The  crops  grown  in  this  experiment  this  year  for  which 
results  will  be  reported  include  strawberries,  followed  by 
celery  ;  dandelions,  followed  by  cucumbers  ;  tomatoes  ;  beets  ; 
and  garden  peas,  followed  by  turnips.  The  weather  condi- 
tions have  been  highly  unfavorable  to  the  normal  growth 
and  development  of  some  of  these  crops,  especially  tomatoes, 
but  a  small  proportion  of  wdiich  ripened,  and  cucumbers. 
The  excessively  dry  weather  of  the  month  of  May,  followed 
by  the  equally  excessively  wet  w^eather  of  the  month  of  June, 
gave  us  conditions  no  doubt  extremely  unfavorable  to  the 


1904.] 


PUBLIC   DOCUMENT  — No.  33. 


125 


action  of  all  the  nitrogen  fertilizers,  but  apparently  particu- 
larly so  in  the  case  of  the  nitrate  of  soda.  Moreover,  consid- 
erable daniao-e  was  done  both  to  dandelions  and  strawberries 
through  the  burning  of  the  leaves,  caused  by  the  application 
of  the  nitrate  of  soda  and  the  sulfate  of  ammonia.  The 
application  of  either  of  these  chemicals  as  a  top-dressing  to 
a  growing  crop  requires  the  utmost  care.  It  was  not  the 
belief  of  the  assistant  applying  the  materials  that  these  chem- 
icals adhered  to  the  leaves  when  applied  in  such  quantity  as 
to  prove  injurious ;  but  the  result  proved  that  he  was  mis- 
taken in  his  judgment,  for  the  injury  through  burning  of  the 
leaves  both  of  the  dandelions  and  the  strawberries  where 
nitrate  of  soda  and  sulfate  of  ammonia  were  applied  was 
very  serious.  Doubtless  as  a  consequence  chiefly  of  the 
conditions  to  which  attention  has  been  called,  the  dried 
blood,  as  compared  with  the  other  nitrogen  fertilizers,  ranks 
this  year  relatively  higher  than  in  any  previous  year. 

The  average  rate  of  yield  per  acre  obtained  with  each  of 
the  nitrogen  fertilizers,  used  it  Avill  be  remembered  in  addi- 
tion to  the  manure,  for  the  present  season  is  shown  in  the 
following  table  :  — 

Nitrogen  Fertilizers  for  Garden  Croj)s.  —  Rate  of  Yield  x>er  Acre 
(Potmds) ,  Average  of  Two  Plots. 


Di^iide- 
lions. 

straw- 
berries. 

Peas. 

Beets. 

Fertilizers  used. 

Pods, 
Green. 

Vines, 
Green. 

Roots. 

Tops. 

Sulfate  of  ammonia, 
Niti-ate  of  soda, . 
Dried  blood, 

37,857 
35,098 
48,312 

5,010 

5,489 

10,07-2 

11,210 

9,880 
11,694 

9,758 
8,710 
11,129 

37,866 
44,319 
46,429 

43,.507 
49,643 

41,689 

Nitrogen  Fertilizers  for  Garden  Crops,  etc.  —  Concluded. 


Fertilizers 

USED. 

Tomatoes. 

Cucumbers. 

Celery. 

Turnips. 

Ripe. 

Green. 

Vines. 

Fruit. 

Vines. 

Large. 

Small. 

Leaves. 

Sulfate  of  am- 
monia. 
Nitrate  of  soda, 

Dried  blood,    . 

8,613 
8,293 
8,171 

26,891 
24,726 
23,842 

18,293 
16,768 
12,805 

2,772 
4,701 
2,718 

5,979 

8,016 
4,076 

16,870 
34,553 
24,797 

33,442 

44,351 
48,701 

12,662 

7,598 
3,896 

29,221 
33,442 
27,923 
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The  relative  influence  of  the  nitrogen  fertilizers  has  differed 
widely  for  the  difierent  crops,  as  is  evident  on  examination 
of  the  above  tables,  and  each  must  therefore  be  separately 
discussed. 

Dandelions.  —  This  crop  was  started  in  the  summer  of 
1902.  The  fertilizers  this  year  were  applied  evenlj^  on  April 
14.  The  leaves,  as  above  stated,  were  badly  burned  where- 
ever  nitrate  of  soda  or  sulfate  of  ammonia  was  used.  The 
crop  was  cut  May  6,  at  which  time  it  was  judged  that  the 
leaves  had  reached  their  maximum  development.  The  plants 
were  in  blossom,  and  of  course  somewhat  beyond  the  stage 
at  which  the  crop  is  commonly  cut  for  market.  On  the 
basis  of  the  yields  obtained,  the  relative  standing  of  the 
different  nitrogen  fertilizers  was  as  follows  :  — 

Per  Cent. 
Dried  blood, 100.00 

Sulfate  of  ammonia,  ......        78.36 

Nitrate  of  soda, 72.66 

There  can  be  no  doubt  that,  as  a  result  of  the  burning 
effect  alluded  to,  both  the  sulfate  of  ammonia  and  nitrate  of 
soda  actually  decreased  the  yield. 

Sti^aicherries.  —  The  vines  from  which  the  fruit  harvested 
this  year  was  picked  were  set  in  the  spring  of  1902.  The 
fertilizers  used  were  evenly  spread  broadcast  on  April  14. 
Within  a  few  days  the  leaves  began  to  show  marked  injury 
on  the  nitrate  of  soda  and  sulfate  of  ammonia  plots.  On 
the  basis  of  total  weights  of  ripe  fruit,  the  nitrogen  fertili- 
zers ranked  in  the  following-  order  :  — 

Per  Cent. 
Dried  blood, 100.00 

Nitrate  of  soda, .54.50 

Sulfate  of  ammonia,  .         .         .         .         .         .49.74 

Without  doubt  both  the  nitrate  of  soda  and  the  sulfate  of 
ammonia  proved  actually  injurious. 

Garden  Peas.  — The  fertilizers  applied  to  this  crop  were 
spread  broadcast  after  plowing  on  April  30,  and  harrowed 
in.  On  the  basis  of  weights  of  pods  and  vines  harvested, 
the  nitrogen  fertilizers  take  the  following  relative  i-ank  :  — 
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Fertilizers  used. 


Vines 
(Percent.). 


Dried  blood,    . 
Sulfate  of  ammonia, 
Nitrate  of  soda, 


100.00 

87.68 
78.26 


The  j'ields  on  the  sulfate  of  ammonia  were  slightly  greater 
than  where  no  fertilizer  was  added  to  the  manure.  On  the 
nitrate  of  soda  they  were  considerably  less,  and  there  is  no 
evidence  that  the  latter  benefited  the  crop. 

Table  Beets.  —  The  fertilizers  for  this  crop  were  applied 
at  the  same  time  and  in  the  same  manner  as  for  the  peas. 
As  indicated  by  the  yields,  the  relative  standing  of  the  differ- 
ent nitrogen  fertilizers  for  this  crop  is  as  follows  :  — 


Fertilizers  used. 


Tops 
(Per  Cent.). 


Dried  blood,  . 
Nitrate  of  soda, 
Sulfate  of  ammonia, 


83.97 

100.00 

87.62 


The  fertilizers  were  apparently  moderately  beneficial  to 
this  crop,  but  the  nitrate  of  soda  stands  relatively  much 
lower  than  in  previous  years. 

Tomatoes.  — Fertilizers  were  applied  as  in  the  case  of  gar- 
den peas.  The  relative  standing  of  the  nitrogen  fertilizers, 
as  indicated  by  the  jdelds  (ripe  and  green  fruit  and  vines) , 
is  as  follows  :  — 


Fertilizers  used. 


Sulfate  of  ammonia, 
Nitrate  of  soda,  . 
Dried  blood. 


Ripe  Fruit 
(Percent.). 


100.00 
96.28 
94.86 


Green  Fruit 
(Percent.). 


100.00 
91.97 
88.66 


Tops 
(Percent.). 


100.00 
91.67 
70.00 


Cucumbers.  —  The  cucumbers  were  planted  on  June  30, 
being  put  in  to  replace  squashes,  which  had  been  killed  by 
too  heavy  an  application  of  kerosene  emulsion.  The  relative 
standing  of  the  nitrogen  fertilizers,  as  indicated  by  the 
weights  of  the  fruit  and  vines,  is  as  follows  :  — 
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Fertilizers  used. 


Fruit 
(Percent.). 


(PerCent.). 


Nitrate  of  soda, 
Sulfate  of  ammonia, 
Dried  blood,    . 


100.00 
58.96 

57.80 


100.00 
74.53 
50.81 


The  vines  in  this  experiment  were  somewhat  affected  by 
fungi,  which  doubtless  influenced  both  yield  of  fruit  and 
growth.  The  nitrate  appears  to  have  exerted  a  very  favor- 
able influence,  but  the  reasons,  in  view  of  the  character  of 
the  season  and  the  lateness  of  the  crop  of  cucumbers,  are 
not  evident.  Both  the  amount  of  fruit,  however,  and  the 
Aveight  of  the  vines  produced  where  the  nitrate  was  used 
were  materially  greater  than  where  no  fertilizers  were  em- 
ployed. 

Gelerij.  —  Tliis  crop  followed  the  fruiting  strawberries, 
and  the  manure  applied  this  year  to  these  plots  was  turned 
in  with  the  strawberry  vines.  The  fertilizers  called  for  on 
the  several  plots  had  been  applied  in  the  spring  as  a  top- 
dressing  to  the  strawberries.  The  relative  standing  of  the 
dift'erent  nitrogen  fertilizers,  as  indicated  by  the  total  weight 
of  the  crop  when  dug  in  the  fall  and  the  roots  freed  from 
earth,  is  as  follows  :  — 

Per  Cent. 
Nitrate  of  soda, 100.00 

Dried  blood, 71.76 

Sulfate  of  ammonia,  ......       48.94 

Turnijjs.  —  This  crop  Avas  sown  on  July  30,  following 
garden  peas.  The  variety  Avas  the  White  Egg.  The  rela- 
tive standing  of  the  nitrogen  fertilizers,  as  indicated  by  the 
Aveights  of  roots  of  the  different  qualities  and  leaves,  is  as 
folloAvs  :  — 


Fertilizers  used. 

Dried  blood 

Nitrate  of  soda,  .        .        .        , 
Sulfate  of  ammonia,  . 


Merchantable 
(Percent.). 


Culls 
(Percent.). 


Leaves 
(Per  Cent.). 


100.00 
91. '20 

68.80 


30.61 
()0.2() 
100.00 


83.33 
100.00 

87.21 
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The  relative  standing  of  the  dilierent  nitrogen  fertilizers 
for  the  early  crops  of  this  year,  including  dandelions,  straw- 
berries, peas  and  beets,  as  indicated  by  the  combined  weights 
of  merchantable  products,  tops  and  vines,  is  :  — 

Per  Cent. 

Dried  blood, 100. (K) 

Nitrate  of  soda,         .         .         .         .         .         •         .83.13 
Sulfate  of  ammonia,  ......       82. G7 

For  the  late  crops,  including  tomatoes,  cucumbers,  celery, 
cabbages  and  turnips,  the  relative  standing  determined  in 
the  same  manner  is  :  — 

Per  Ceut. 

Nitrate  of  soda 100.00 

Dried  blood 95.20 

Sulfate  of  ammonia,  ......       85.74 

Combiiiing  the  results  of  1903  with  the  twelve  previous 
years,  the  relative  standing  of  the  nitrogen  fertilizers  is  :  — 

For  the  early  orops  :  —  Per  Cent. 

Nitrate  of  soda, 100.00 

Dried  blood, 95.42 

Sulfate  of  ammonia,           ......  60.03 

For  the  late  eroj)s  :  — 

Nitrate  of  soda 100.00 

Dried  blood 98.76 

Sulfate  of  ammonia,           ......  78.96 

B.  —  The  Relative  Value  of  Sulfate  and  Muriate  of  Potash 
for  Gardeii  Crops. 
The  general  conditions  under  which  these  experiments 
have  been  tried  have  been  already  outlined.  It  will  be  re- 
membered that  these  salts  are  under  trial  in  connection  with 
the  sulfate  of  ammonia,  nitrate  of  soda  and  dried  blood  as 
sources  of  nitrogen  when  used  in  addition  to  manure  for 
garden  crops.  The  crops  grown  on  these  two  potash  salts, 
therefore,  are  the  same  as  those  which  have  been  named  in 
discussino:  the  relative  value  of  the  difierent  nitrogen  fertili- 
zers.  Each  potash  salt  is  used  on  three  plots,  i.e.,  with  each 
of  the  three  nitrogen  fertilizers.  The  results  for  the  past 
year  are  shown  by  the  following  table  :  — • 
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Sulfate  and  Muriate  of  Potash  compared  as  Fertilizers  for  Garden  Crops. 
—  Yield  jicr  Acre  (Pounds),  Average  of  Three  Plots. 


Dande- 
lions. 

Straw- 
berries. 

Peas. 

Beets. 

Fektilizeks  used. 

Pods, 
Green. 

Vines, 
Green. 

Roots. 

Tops. 

Muriate  of  potash,         .... 
High-grade  sulfate  of  potash, 

41,385 
39,459 

6,531 
7,183 

11,586 
10,269 

9,570 
10,162 

44,502 
41,840 

45,541 
44,351 

Sulfate  and  Muriate  of  Potash  coinpa7'ed,  etc.  —  Concluded. 


Fertilizers 

used. 

Tomatoes. 

Cucumbers. 

Celery. 

Turnips. 

Ripe. 

Green. 

Vines. 

Fruit. 

Vines. 

Large. 

Small. 

Leaves. 

Muriate  of  pot- 
asli. 

High-grade  sul- 
fate of  potash. 

8,069 

8,648 

24,797 
25,508 

14,431 

17,480 

2,699 
4,094 

4,982 
7,065 

24,119 
26,694 

42,208 
42,121 

7,143 

8,961 

28,918 
31,472 

Examination  of  the  table  reveals  the  fact  that  the  results 
for  this  season  are  the  precise  opposite  of  the  results  which 
have  been  ol)tained  in  most  of  our  previous  experiments. 
The  muriate  of  potash  gives  the  greater  yield  in  the  case  of 
all  the  early  crops,  and  the  sulfate  of  potash  the  larger  yield 
in  the  case  of  all  the  late  crops.  It  is  well  understood  that 
muriate  of  potash  dissolves  and  diffuses  through  the  soil 
somewhat  more  readily  than  sulfate,  and,  further,  that  it 
makes  soils  more  retentive  of  moisture  ;  and  it  may  be  that 
the  great  deficiency  in  rainfall  which  prevailed  during  the 
season  until  early  in  June  left  the  soil  so  dry  that  the  sulfate 
of  potash  did  not  become  sufficiently  dissolved  and  diffused 
to  become  available  to  the  early  crops. 

The  relative  average  standing  of  these  two  salts,  as  indi- 
cated by  the  total  yields  of  all  crops  grown  previous  to  this 
year,  is  shown  in  the  following  table  :  — 


Fertilizers  used. 

Early  Crops 
(Percent.). 

Late  Crops 
(Percent.). 

Sulfate  of  potash, 

Muriate  of  potasli, 

100.00 
93.20 

100.00 
102.90 
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The  relative  average  standing  for  this  year,  determined 
upon  the  same  basis,  is  as  follows  :  — 


Fertilizers  used. 


Early  Crops 
(I'er  Cent.). 


Late  Crops 
(I'er  Cent.). 


Muriate  of  potash, , 
Sulfate  of  potash,  . 


KtO.OO 
98.36 


92.66 
100.00 


Combining  tliese  results  with  those  of  the  twelve  previous 
years,  the  average  standing,  as  indicated  by  total  yields,  is 
as  shown  in  the  following  table  :  — 


Fertilizers  used. 


Early  Crops 
(Percent.). 


Late  Crops 
(I'er  Cent.). 


Sulfate  of  potash,  . 
Muriate  of  potash, . 


100.00 
93.84 


97.97 
100.00 


The  total  rainfall  during  the  past  season  from  April  17, 
the  date  when  the  fertilizers  were  applied  to  the  dandelions 
and  strawberries,  to  June  7  was  .48  inches.  Such  a  raintall 
must  have  been  quite  insufficient  to  bring  the  less  soluble 
fertilizers  into  circulation,  and  the  failure  of  the  sulfate  of 
potash  to  produce  its  usual  effect  on  the  early  crops  is  not 
surprising.  It  has  been  repeatedly  noticed  in  experiments 
here  that  in  excessively  dry  seasons  the  muriate  of  potash 
usually  excels  the  sulfate  for  all  crops,  even  those  which  ordi- 
narily do  better  on  the  sulfate.  Following  this  period  of 
excessive  drouth  came  a  period  extending  from  the  7th  of 
June  to  the  end  of  the  month  with  equally  excessive  rain- 
fall, the  total  precipitation  for  that  period  amounting  to  7.79 
inches.  July  was  also  a  comparatively  rainy  month,  and  it 
seems  probable  that  the  more  soluble  muriate  of  potash  may 
have  been  largely  carried  into  the  subsoil.  In  this  position 
it  would  not  be  equally  available  to  the  lato  crops  as  the  less 
soluble  sulfate. 

It  is  not  the  belief  of  the  writer  that  the  fact  that  the  rela- 
tion of  the  two  potash  salts  for  this  season  to  early  and  late 
crops  respectively  is  exactly  the  reverse  of  what  it  has  been 
in  previous  years,  should  lead  to  a  modification  of  the  advice 
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which  has  been  previously  given,  viz.,  that  the  sulfate  should 
gxuierally  be  preferred  for  the  early  crops  and  the  muriate  for 
the  late  on  all  soils  with  a  fair  capacity  to  retain  moisture. 

IV.  —  Comparison  of  Diffeeent  Potash  Salts  for 
Field  Crops.      (Field  G.) 

The  experiment  for  comparison  of  different  potash  salts 
was  begun  in  1898.  The  field  contains  forty  plots,  of  about 
one-fortieth  of  an  acre  each.  The  plots  are  fertilized  in  five 
series  of  eight  plots  each,  each  series  including  a  no-potash 
plot  and  one  plot  for  each  of  the  potash  salts  under  compari- 
son. Those  salts  are  kainite,  high-grade  sulfate,  low-grade 
sulfate,  muriate,  nitrate,  carbonate  and  silicate.  Each  is 
ap})lied  annually  to  the  same  plot,  and  all  are  used  in  such 
amounts  as  to  furnish  equal  potash  to  each  plot.  In  the 
quantities  employed  the  different  salts  supph^  annuall}^ 
actual  potash  at  the  rate  of  K),")  pounds  per  acre.  All  plots 
arc  equally  manured  with  materials  furnishing  fiiirly  liberal 
amounts  of  nitrogen  and  phosphoric  acid.  The  crop  of  the 
past  season  was  mixed  clover  and  timothy.  This  is  the  sec- 
ond year  that  this  crop  has  occupied  the  land.  The  table 
which  follows,  showing  yields,  does  not  (|uite  accurately 
show  the  effect  of  the  fertilizers.  It  was  out  of  the  question 
to  separate  weeds  and  grasses  from  the  clover  in  an  experi- 
ment conducted  on  the  si'ale  of  this.  Most  careful  exami- 
nation often  repeated  during  the  season  made  the  following 
points  self-evident :  — 

1.  That  on  the  no-potash  plots  the  clover  was  \'ery  thin, 
but  the  weeds  of  various  kinds  were  relatively  abundant. 

2.  That  on  the  plots  to  which  kainite  was  applied  the 
clover  was  weaker  than  on  any  of  the  other  plots  receiving 
])otash.  The  timothy,  on  the  other  hand,  was  more  abun- 
dant and  apparentl}'  more  vigorous  on  the  kainite  plots  than 
on  the  others. 

3.  On  the  muriate  of  potash  plots  the  clover  was  inferior 
to  all  other  plots  receiving  potash  except  the  kainite,  and 
here  also  timothy  was  relatively  abundant  and  vigorous. 

4.  The  clover  on  the  low-grade  sulfate  of  potash  plots  was 
distiiicllv  inferior  to  that  on  the  hiah-ijrade  sulfate. 
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Tho  tkct  that  the  diircrciu'cs  above  noted  were  repeated 
with  little  variation  in  eaeh  of  the  s(>ries  of  plots  leaves  no 
room  to  doubt  the  highly  unfavorable  intlucnce  on  the  devel- 
opment of  the  clover  of  the  kainite  and  the  muriate,  and  the 
moderately  unfavorable  etfeet  of  the  low-grade  sulfate. 

The  field  was  cut  twice,  the  hay  carefully  cured,  to  a  con- 
siderable extent  in  cocks,  and  without  nmch  loss  of  leal"  or 
head.  The  table  shows  the  rates  of  yield  i)er  acre  for  both 
first  and  second  cut,  as  well  as  the  total  for  each  })lot :  — 

Clover. —  Yield  per  Acre  {Pounds). 


Plots. 


Potash  Salt. 


Hay. 


Rowcn. 


Total. 


9, 
10, 
11, 
12, 
13, 
14, 
1.% 
IH, 

1", 
IS, 
l!t, 
•20, 
21, 
•22. 
•23, 
24, 
2.1, 
26, 
27, 
28, 


No  potash,  . 

Kainlt*", 

High-grade  sulfate, , 

Low-grade  sulfate,  . 

Muriate, 

Nitrate, 

CHrboiiate, 

Siliccite, 

No  potash,  . 

Kainite, 

High-grade  sulfate, 

Low-grade  sulfate,  , 

Muriate, 

Nitrate, 

Carbonate, 

Silicate, 

No  potash, . 

Kainite, 

High-gra<le  sulfate,  - 

Low-grade  sulfjtte,  . 

Muriate, 

Nitrate, 

Carbonate, 

Silicate, 

No  potash,  . 

Kainite, 

High-grade  sulfate. 

Low-grade  sulfate. 


3,46^2 
3,46-2 
3,307 
3,1.50 
3,441 

2,y2- 

2,882 
3,1^28 
3,23'.t 
4,424 
4,021 
3,977 
3,753 
3,977 
3,462 
4,l.'i.') 
3,753 
4,3.57 
4,066 
4,2(M) 
4,379 
3,843 
4,021 
3,999 
2,4.58 
4,021 
3,7.53 
4,446 


1,653 
3,.592 
1,.586 
2,100 
2,368 
2,^234 
2,011 
2,279 
1,698 
2,435 
■2,011 
1,921 
2,0,56 
2,100 
2,011 
1,988 
1,7'20 
1,698 
1,698 
2,190 
•2,145 
1,899 
1,609 
1,966 
1,609 
2,1'22 
1,.519 
1,966 


5,115 

7,0.54 
4,893 
5,2.50 
5,809 
5,161 
4,893 
5,407 
4,937 
6,859 
6,032 
5,898 
5,808 
6,077 
5,473 
6,143 
5,473 
6,0.55 
5,764 
6,390 
6,524 
5,742 
5,630 
5,5)65 
4,067 
6,143 
5,272 
6,412 


134 


HATCH   EXPERIMENT   ST.VTION. 


[Jan. 


Clover.  —  Yield  pc> 

*  Acre  1 

PouHch)  —  Concluded. 

Plots. 

Potash  Salt. 

Hay. 

Rowen. 

Total. 

29, 

Muriate, 

3,820 

1,765 

5,.585 

30, 

Nitrate, 

3,664 

1,430 

5,(K)4 

31, 

Carbonate, 

3,664 

1,4.52 

5,116 

32, 

Silicate, 

4,021 

1,787 

5,808 

33, 

No  potasli,  . 

3,619 

1,519 

5,138 

34, 

Kainite, 

4,088 

1,921 

6,009 

36, 

High-grade  sulfate, 

3,709 

1,631 

5,340 

36, 

Low-grade  sulfate. 

4,111 

1,>564 

5,675 

37, 

Muriate, 

3,932 

1,8;^2 

5,764 

38, 

Nitrate, 

3,441 

1,698 

5,139 

39, 

Carbonate, 

3,753 

1,810 

5,563 

40, 

Silicate, 

3,887 

1,787 

5,674 

The  influence  of  the  dift'erent  potash  salts  is  somewhat 
more  clearly  brought  out  by  the  tal)le  below,  ^vhich  gives  the 
average  results  for  each  of  the  potash  salts  employed  :  — 

Clover. — Average  Yield ])er  Acre  (Pounds^. 


Potash  Salt. 

Hay. 

Rowen. 

Total. 

No  potash  (plots  1,  9, 17,  25,  33),  .    '    . 
Kainite  (plots  2,  10,  18,  26,  34),      . 
mgh-grade  sulfate  (plots,  3,  11,  19,  27,  35), 
Low-grade  sulfate  (plots  4,  12,  20,  28,  36), 
Muriate  (plots5, 13,  21,  29,  37),    . 
Nitrate  (plots  6,  14,  22,  30,  38),      . 
Carbonate  (plots  7,  15,  23,  31,  39), 
Silicate  (plots  8,  16,  24,  32,  40),      . 

2,066 
2,,544 
2,.S57 
2,485 
2,416 
2,232 
2,223 
2,399 

1,025 
1,471 
1,056 
1,218 
1,271 
1,170 
1,112 
1,226 

3,091 
4,015 
3,413 
3,703 
3,687 
3,402 
3,335 
3,625 

The  average  yield  on  the  plot  receiving  no  i^otash  is  much 
lower  than  on  the  other  plots,  in  spite  of  the  fact  that  weeds 
hel})ed  to  a  considerable  extent  to  make  up  the  deficiency  in 
clover  and  timothy.  The  kainite  gives  the  highest  total 
3aeld  of  hay.  This  was  doubtless  in  part  due  to  the  fact 
that  the  large  mixture  of  timothy  enabled  the  crop  to  stand 
up  better  during  the  heavy  rains  of  the  month  of  June  than 
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on  those  plots  where  the  clover  so  hirgely  predominated. 
The  plots  receiving  high-grade  sulfate  of  })otash  lodged  very 
badly, — more  seriously  than  any  other  plots  in  the  tield  ; 
and,  as  bad  weather  necessitated  cutting  the  crop  somewhat 
late,  the  vigor  of  the  plants  was  undoubtedly  lowered,  as 
shown  by  the  relatively  low  yield  of  rowen  on  these  plots. 
They  without  doubt  exhibited  the  highest  average  develop- 
ment of  clover  during  the  early  part  of  the  season,  and  with 
a  more  normal  season  should  have  given  the  heaviest  rowen. 

What  is  true  of  the  high-grade  sulfate  of  potash  plots  is 
doubtless  also  true  in  somewhat  lesser  degree  of  the  plots 
manured  with  the  silicate,  carbonate  and  nitrate. 

The  experiment  of  this  year  lends  additional  support  to 
the  advice  which  has  previously  been  given,  viz.,  that  "  on 
soils  with  good  retentive  qualities  sulfate  of  potash  should 
generally  be  preferred  to  muriate  or  kainite  for  clovers,"  in 
spite  of  the  fact  that  the  total  yields,  including  timothy,  are 
heavier  on  these  plots. 

V.  —  Comparison  of  Phosphates  ox  the  Basis  of  Equal 
Application  of  Phosphoric  Acid. 

In  this  experiment,  which  has  now  been  in  progress  seven 
ye,ars,  Ave  are  endeavoring  to  determine  by  means  of  the 
gi'owing  crops  the  relative  availability  of  a  number  of  differ- 
ent phosphates.  Those  under  comparison  are  as  follows  : 
apatite.  South  Carolina  rock  })hospliate,  Florida  soft  phos- 
phate, phosphatic  slag,  Tennessee  phosphate,  dissolved  bone- 
black,  raw  bone,  dissolved  bone,  steamed  bone,  and  acid 
phosphate. 

All  phosphates  under  comparison  are  used  in  amounts 
sufficient  to  furnish  actual  phosphoric  acid  at  the  rate  of  96 
pounds  per  acre,  and  each  is  applied  annually  in  finely  ground 
form  to  the  same  plot.  The  field  contains  thirteen  plots, 
of  about  one-eighth  of  an  acre  each.  Three  of  these  plots 
have  received  no  application  of  phosphoric  acid  since  the 
beginning  of  the  experiment.  One  of  these  is  at  either  end, 
and  the  other  in  the  middle,  of  the  field.  All  plots  are  sup- 
plied alike  with  materials  furnishing  nitrogen  and  potash  in 
available  forms  in  liberal  amount  and  in  equal  quantities  to 
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each.  The  materials  used  as  sources  of  nitrogen  and  potash 
furnisli  nitrogen  at  the  rate  of  52  pounds  and  potash  at  the 
rate  of  152  pounds  per  acre.  With  some  crops  a  supple- 
mentary application  of  a  (juick-acting  nitrogen  fertilizer  has 
been  made  to  all  plots  alike.  The  crops  which  have  been 
grown  in  this  field  during  the  progress  of  the  experiment  are 
as  follows  :  corn,  cabbages,  corn,  in  1900  two  crops,  —  oats 
and  Hungarian  grass  (both  for  hay),  onions,  and  onions. 
With  the  exception  of  the  onions,  all  the  crops  })reviously 
grown  in  this  field  have  given  good  yields,  even  on  the  three 
plots  in  the  field  which  have  received  no  phosphate. 

The  soil  of  the  field  at  the  beginning  of  the  experiment 
was  not  quite  even  in  (luality  throughout.  Plot  1  surpassed 
any  other  in  the  field  in  fertility  at  the  start,  and  on  the 
Avhole  (although  the  difierence  is  not  very  marked)  there 
ap})ears  to  be  a  gradual  natural  decline  in  productiveness 
from  this  end  of  the  field  toward  the  other. 

The  crop  of  the  present  season  was  cabbages.  The  variety 
is  the  Danish  Ball-head.  The  seed  was  sown  at  the  usual 
time  for  the  crop  in  this  locality,  but  so  abnormally  cold 
was  the  season  that  the  crop  was  far  from  mature  when  cold 
weather  set  in.  Still,  the  yields  (which  include  Aveight  of 
stumps,  loose  leaves  ajid  soft  heads,  as  Avell  as  the  weight 
of  hard  heads  and  totals)  make  it  possible  to  estimate  the 
relative  availability  of  the  diflerent  phosphates  to  the  crop 
grown.  The  rates  of  yield  per  acre  are  shown  in  the  follow- 
ing table  :  — 

('(ilibagcs  on  Plots  irifh  Kipail  Amounts  of  Phosphoric  Arid. 


Number 

Hard 

Soft  Heads, 
Leaves  and 

Total 

Plots. 

Fertilizers  used. 

of 

Heads 

Crop 

Hard 
Heads. 

(Pounds). 

Stumps 
(Pounds). 

(Pounds). 

1. 

No  phosphate,        .... 

1,184 

4,040 

9,.360 

13,400 

•^, 

Apatite, 

776 

3,ii60 

17,360 

20,920 

3, 

South  Carolina  rock  phosphate. 

•     2,928 

12,040 

24,480 

36,.^20 

4, 

Floriila  soft  i)lio8phate. 

816 

3,840 

21,840 

2.5,680 

5, 

I'hosphatic  slaji,     .... 

2,232 

9,920 

28,040 

37,960 

6, 

Tennessee  phosphate,  . 

440 

1,720 

29,160 

30,880 

7 

No  phosphate,        .... 

104 

400 

14,120 

]4,.')20 

8, 

Dissolved  bone-black,  . 

2,.336 

8,392 

31,.')20 

39,912 

9, 

Raw  bone, 

2,.S04 

11,800 

32,440 

44,240 

10, 

Dissolved  bone  meal,    . 

2,.384 

12,760 

29,.S20 

42,080 

11, 

Steamed  bone  meal. 

1,6.32 

8,720 

28,200 

36,920 

12, 

Acid  phosphate 

1,2!.6 

6,200 

24,120 

30.320 

13, 

No  phosphate 

120 

440 

8,080 

8,620 
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The  moat  important  points  to  which  it  seems  desirable  to 
call  attention  are  the  following  :  — 

1 .  The  no-i)hosphate  plots  give  very  low  yields  both  of 
hard  heads  and  total,  indicating  the  marked  dependence  of 
the  cabbage  upon  the  sup})ly  of  phosphoric  acid. 

2.  Apatite  and  soft  Florida  })hosphate  are  the  least  effective 
among  the  phosphates  employed. 

3.  South  Carolina  rock  gives  a  surprisingly  good  return, 
being  exceeded  in  yield  of  hard  heads  by  only  one  plot,  — 
the  one  receiving  dissolved  bone,  —  while  in  total  yield  it  is 
materially  exceeded  b}^  but  few. 

4.  The  phosphatic  slag  ranks  among  the  best  of  the  phos- 
phates used.  It  is  exceeded  in  yield  of  hard  heads  by  the 
dissolved  bone-black,  the  South  Carolina  rock  and  the  raAv 
bone,  in  the  order  named  ;  while  in  total  weight  of  crop  it 
is  exceeded  by  the  dissolved  bone,  the  raw  bone  and  the  dis- 
solved bone-black. 

5.  The  most  valuable  crop  in  the  field  is  that  produced  by 
the  dissolved  bone,  although  it  is  slightly  exceeded  in  total 
yield  by  the  crop  on  the  raw  bone. 

(i.  Particular  attention  is  called  to  the  fact  that  this  year, 
as  in  preceding  years,  the  raw  bone  meal  gives  a  crop  nmch 
superior  to  that  obtained  by  the  use  of  steamed  bone  meal. 

The  differences  in  the  development  of  the  cabbages  on  the 
different  plots  in  the  field,  as  afiected  by  the  phosphates  ap- 
plied, became  manifest  at  a  very  early  date.  The  plants 
were  scarcely  a  week  old  before  marked  ditterences  could  be 
seen;  and  the  relative  deveh)pment  throughout  the  season, 
as  recorded  after  several  examinations,  was  in  about  the 
order  indicated  by  the  final  yields,  although  most  observers 
ranked  the  crop  on  the  phosphatic  slag  while  growing  rela- 
tively higher  than  indicated  by  the  final  result. 

In  estimating  the  significance  of  the  results  upon  this 
field,  it  is  important  to  keep  in  mind  the  facts  as  regards  the 
character  of  the  soil.  It  is  what  Avould  be  called  a  strong 
and  moderately  heav}^  loam,  and  has  great  capacity  to  retain 
moisture.  The  relatively  insoluble  phosi)hates  are  known 
to  jrive  better  results  on  soils  of  this  character  than  on  those 
which  are  lighter  and  drier. 
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Our  experiments  indicate  that  the  cabbage  is  one  of  those 
crops  most  closely  dependent  upon  the  supply  of  available 
phosphoric  acid,  and  yet  this  crop  gives  us  a  good  return 
upon  phosphates  ordinarily  regarded  as  very  slowly  avail- 
able. The  opinion  in  general  held  concerning  the  necessity 
for  acidulated  phosphates  may  need  modification.  We  have 
not,  it  is  true,  raised  on  the  South  Carolina  rock  or  the  raw 
bone  crops  of  the  highest  rank,  as  measured  by  the  number 
and  weight  of  hard  heads.  The  total  ^^ields  are  excellent, 
and  the  weights  of  hard  heads  in  a  more  normal  season  would 
without  doubt  have  been  much  higher.  It  appears  reason- 
able to  believe  that  on  soils  of  the  character  of  this  field  the 
farmer  may  safely  depend  for  a  considerable  portion  at  least 
of  the  phosphoric  acid  needed  l)y  his  croi)s  upon  the  cheaper 
natural  phosphates,  such  as  finely  ground  South  Carolina 
rock  and  finely  ground  bone,  while  phosphatic  slag  also 
promises  to  prove  a  most  useful  fertilizer  upon  soil  of  this 
character. 

VL  — Soil  Tests. 

Two  soil  tests,  both  upon  our  own  grounds  and  both  in 
continuation  of  previous  Avork  upon  the  same  fields,  have 
been  carried  out  during  the  past  season.  Fertilizers  have 
been  applied  in  accordance  with  the  co-operative  plan  for 
soil  tests,  with  one  or  two  small  exceptions.  Lime  and 
plaster  have  been  a})plied  to  the  plots  calling  for  these  fer- 
tilizers in  double  the  usual  soil  test  amounts.  Each  plot 
annuall}^  receives  an  application  of  the  same  kind  or  kinds 
of  fertilizers.  Such  experiments  are  not  adapted  to  securing 
the  production  of  heavy  crops,  but  rather  to  throwing  light 
upon  the  general  question  as  to  the  particular  plant  food 
requirements  of  different  crops.  By  study  of  the  results, 
the  effects  of  the  different  leading  elements  of  plant  food  on 
the  several  crops  can  be  determined  with  much  accuracy. 

Every  fertilizer  used,  whether  applied  by  itself  or  in  con- 
nection Avith  one  or  ])oth  of  the  other  fertilizer  materials,  is 
ahvays  applied  in  the  same  (luantities.  Both  fertilizers  and 
manure  (where  the  latter  is  introduced  for  j)urposes  of  com- 
parison) are  alwa}'s  applied  broadcast  after  ploAving,  and 
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harrowed  in.     The  kinds  and  the  amounts  per  acre  are  as 
follows  :  — 

Nitrate  of  soda,  ItiO  pounds,  furnishing  nitrogen. 

Dissolved  hone-blaek,  IVH)  })oun(ls,  furnishing  jihosphoric  acid. 

Muriate  of  potash,  IGO  pounds,  furnishing  potash. 

Land  plaster,  -400  pounds. 

Lime,  400  pounds. 

Manure,  5  cords. 

A.  —  Soil  Test  with  Corn  {South  Acre). 
This  acre  has  been  used  in  soil  tests  for  fifteen  years,  begin- 
ning in  1889.  The  croi)s  in  successive  years  have  been  as 
follows  :  corn,  corn,  oats,  grass  and  clover,  grass  and  clover, 
corn  (followed  by  mustard  as  a  catch  crop) ,  rye,  soy  beans, 
white  mustard,  corn,  corn,  grass  and  clover,  grass  and  clover, 
corn,  and  corn.  Since  1889  this  field  has  therefore  borne  seven 
corn  crops,  and  during  this  time  it  has  been  four  years  in  grass. 
The  crop  last  year  was  corn,  following  grass  ;  this  year,  corn 
follows  corn.  The  season  was  the  most  unfavorable  for  this 
crop  Avhich  has  been  known  within  the  lifetime  of  most  men 
now  living,  and  the  crop  of  this  year  was  exceedingly  poor, 
even  on  the  land  which  has  for  fifteen  years  received  an 
annual  application  of  manure  at  the  rate  of  5  cords  per  acre. 
Last  year,  although  the  season  then  also  was  somewhat  unfav- 
orable, this  plot  gave  a  3deld  almost  double  that  of  this  year. 
It  is  not  surprising,  therefore,  that  the  yield  on  most  of  the 
plots  receiving  fertilizers  was  very  low.  Four  of  the  plots 
have  received  neither  manure  nor  fertilizer  throughout  the 
entire  fifteen  ^^ears,  and  these  now  show  a  degree  of  exhaus- 
tion amounting  to  almost  absolute  sterility.  Allowing  90 
pounds  of  ears  as  husked  to  the  bushel  of  shelled  grain,  the 
average  product  of  these  plots  was  at  the  rate  of  about  1|^ 
bushels  to  the  acre.  The  average  yield  of  stover  on  these 
plots  is  at  the  i-ate  of  560  pounds  per  acre.  Tlie  table  shows 
the  manuring  of  the  several  plots,  the  rate  of  yield,  and  the 
gain  or  loss  per  acre  compared  with  the  nothing  plots  :  — 
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Corn.  — South  Acre  Soil  Teat,  1903. 


Plots. 


3, 
4, 
5, 
6, 
7, 
^. 
9. 
10, 
II, 
1'-. 
13, 
14, 


Fertilizers  used. 


Nitrate  of  ioda,    . 

Dissolved  boue-blafk. 

Nothing,        .... 

Muriate  of  potash, 

Lime, 

Nothing,        .... 

Manure,         .... 

Nitrate  of  soda  and  dissolved 

bone-blaek. 
Nothing, 


Nitrate  of  soda  and  muriate  of 
potash. 

Dissolved  bone-black  and  muri- 
ate of  potash. 

Nothing, 

Plaster 


Yield  pek  Acre. 


Corn 
(Bushels, 

Pounds) . 


Stover 

(Pounds) 


Nitrate  of  soda,  dissolved  bone- 
black  and  muriate  of  potash. 


16. 


360 

360 

300 

1,880 

160 

1,200 

3,600 

SIX) 

340 

•2,'20O 

•2,3-20 

400 

400 

3,040 


Gain  or  Loss  per 

Acre,  compared 

WITH  Nothing  Plots. 


Corn 
(Bushels 

90 
Pounds). 


15.61 

—  .85 


36.39 
'2.36 


16.47 
18.86 


..53 
24.03 


Stover 
(Pounds). 


—390 
—390 

1,130 
—590 

2,850 
430 

1,830 
1,9.50 

30 
2,670 


In  view  of  the  highly  unfavorable  season,  the  development 
of  the  corn  was  far  from  normal,  and  extended  discussion 
of  the  results  does  not  seem  called  for.  It  will  be  noticed 
that,  as  in  previous  years,  the  i)otash  among  the  fertilizer 
elements  used  is  the  one  exercising  by  far  the  greatest  effect 
in  increasing  the  crop.  The  addition  of  either  nitrate  of 
soda  or  i)hosi)h()ric  acid,  as  shown  by  the  results  on  i)lots  10 
and  11,  does  not  very  materially  increase  the  yield  produced 
on  potash  alone  (Plot  4).  The  addition  of  nitrate  of  soda 
to  the  mixture  of  potash  and  dissolved  bone-black  used  on 
Plot  1 1  caused  a  considerable  increase,  —  greater  this  year 
than  in  previous  years,  as  shown  by  the  yield  on  Plot  14. 
This  difference  in  effect  may  very  well  be  due  to  the  gradual 
exhaustion  of  the  supply  of  humus  in  the  soil  on  these  plots, 
which  for  so  many  years  have  been  manured  with  fertili- 
zers alone,  and  subjected  to  tillage  throughout  most  of  the 
time. 
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Though  no  combination  of  fertilizers  gives  what  can  be 
considered  a  good  crop,  the  lesson  is  just  as  clear  this  year 
as  in  previous  years,  vi/.,  that  fertilizer*  for  corn  should  be 
rich  in  potash. 

B.  —  Soil  Test  vnth  Mixed  Grasft  and  Clover  {North  Acre) . 

The  Held  on  which  this  test  was  carried  out  has  been  used 
in  similar  tests  with  various  crops  for  fourteen  years,  begin- 
ning in  1890.  The  fertilizers  have  been  applied  in  accord- 
ance with  the  system  regularly  used  in  soil  tests,  save  as 
regards  amounts.  During  the  years  when  potatoes  or  onions 
have  been  grown,  double  the  usual  quantities  have  been  em- 
ployed. One  other  peculiarity  in  treatment  must  be  reported. 
In  the  spring  of  1899  one-half  of  each  plot  received  an  appli- 
cation of  freshly  slaked  lime,  at  the  rate  of  1  ton  per  acre. 
This  lime  was  spread  after  plowing,  and  worked  in  with  a  har- 
row. The  crops  in  order  of  succession  have  been  :  potatoes, 
corn,  soy  beans,  oats,  grass  and  clover,  grass  and  clover,  cab- 
bages and  ruta-baga  turnips,  potatoes,  onions  for  four  years 
(1898  to  1901  inclusive),  potatoes,  and  grass  and  clover. 
The  crop  upon  which  we  are  reporting  followed  potatoes. 
The  seeds  sown  included  the  following  varieties  :  timothy, 
red-top,  and  manmioth  red  and  alsike  clover.  The  seeds  of 
the  timothy  (18  pounds),  red-top  (8  pounds),  red  clover 
(5  pounds)  and  alsike  t?lover  (4  pounds)  were  mixed  and 
sown  broadcast  Sept.  15,  1902.  The  date  of  sowing  Avas  so 
late  that  the  grass  made  relatively  little  growth  during  the 
autumn  months  and  the  clover  winter-killed.  The  winter 
was,  however,  fovorable  for  the  grasses,  and  they  came 
through  without  injury,  and  15  pounds  of  red  clover  seeds 
were  s®wn  on  April  4. 

As  has  been  pointed  out  in  another  connection,  there  was 
less  than  one-half  inch  of  rain  from  the  middle  of  April  to 
the  7th  of  June.  The  conditions,  therefore,  were  most  un- 
favorable for  the  germination  of  the  clover  and  for  the  growth 
of  the  young  and  therefore  very  shallow-rooted  grass  plants. 
The  yields,  therefore,  were  small,  but  the  results  are  never- 
theless of  considerable  interest.     The  fertilizers  applied  to 
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the  several  plots  and  the  rate  of  yield  per  acre  with  the  gain 
or  loss  where  the  different  fertilizers  were  employed  are  shown 


in  the  following  table  :  — 


Orass  and  Clover.  — North  Acre  Soil  Test,  1903. 


Plots. 


Fertilizers  used. 


Nothing, 

Nitrate  of  sotJa 

Dissolved  bone-black, 

Nothing, 

Muriate  of  potash,     . 

Nitrate  of  soda  and  dissolved 

bone-black. 
Nitrate  of  soda  and  muriate  of 

potash. 
Nothing,       i       .       .       .        . 

Dissolved  bone-black  and  nni- 
riale  of  iKttash. 

Nitrate  (if  noda,  dissolved  bone- 
black  and  muriate  of  potash. 

Plaster, 

Nothing, 


Yield  per  Acre. 

Unlimed 
(Pounds). 

Limed 
(Pounds). 

300 

1,150 

1,5-20 

3,140 

950 

1,560 

550 

1,010 

660 

950 

1,830 

3,180 

1,820 

2,190 

450 

570 

<V>0 

920 

2,;i30 

2,830 

430 

480 

4-20 

1,140 

Gain  or  Loss  per 

acre,  compared 

WITH  Nothing  Plots. 


Unlimed 

(Pounds). 


1,096.7 
463.3 

135.0 
1,330.0 
1,345.0 

177.5 

1,895.0 

2.5 


Limed 
(Pounds). 


2,036.7 
603.3 

50.0 
2,390.0 
1,510.0 

207.5 
1,975.0 
—517.5 


Examination  of  the  table  makes  the  fact  evident  that  it  is 
the  nitrate  of  soda  chiefly  which  determined  the  rate  of  yield. 
It  is  further  evident  that  this  is  able  to  exert  its  full  influ- 
ence only  on  the  half  of  the  plot  which  received  the  applica- 
tion of  lime  that  has  been  referred  to.  Nitrate  of  soda  alone 
on  the  limed  half  of  the  plot  after  fourteen  years  continuous 
use  still  gives  a  crop  of  hay  at  the  rate  of  rather  over  11  tons 
per  acre  ;  used  with  dissolved  bone-black,  it  gives  almost 
exactly  the  same  yield  ;  used  with  muriate  of  potash,  it  gives 
a  smaller  yield,  —  onl}^  a  little  over  1  ton  to  the  acre. 

Much  evidence  is  afforded,  by  a  study  of  the  relative  pro- 
portions of  the  different  species  on  the  different  plots  and  on 
the  limed  and  unlimod  portions  of  the  several  plots,  that  the 
soil  in  some  parts  of  this  field  is  once  more  becoming  acid. 
It  is  likely  that  this  is  the  case  on  Plot  7,  for  to  that  plot 
have  been  applied  large  quantities  both  of  muriate  of  potash 
and  nitrate  of  soda,  both  of  which  tend  to  aggravate  the 
conditions  leading  to  development  of  a  sour  condition  of  the 
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soil.  To  Plot  10  dissolved  bone-black  has  been  added,  as 
well  as  the  nitrate  of  soda  and  muriate  of  potash,  and  this, 
because  of  the  lime  it  contains,  has  helped  to  lessen  the  ten- 
dency to  the  development  of  acidity  ;  but  even  on  this  plot 
the  yield  is  less  than  on  the  nitrate  of  soda  alone,  and  prob- 
ably because  of  the  acid  condition  induced  by  the  continued 
use  of  the  fertilizers  the  plot  has  received. 

A  careful  determination  of  the  relative  proportions  of  the 
timoth}',  red-top  and  clover  in  the  product  of  a  square  yard 
on  both  the  unlimed  and  limed  portions  was  made.  On  the 
unlimed  portion  of  every  plot  the  red-top  was  more  abun- 
dant than  the  timothy.  There  was  practically  no  clover  on 
the  unlimed  portion  of  any  plot.  Timothy  exceeded  red- 
top  on  the  limed  portion  of  all  plots  except  Plot  7.  This  is 
the  plot  to  which  both  the  nitrate  of  soda  and  muriate  of 
potash  have  been  applied  ;  and  here,  in  spite  of  the  lime  Avhich 
was  put  on  in  1899,  the  soil  is  undoubtedly  again  acid,  as 
shown  by  the  fact  that  the  red-top  exceeds  the  timothy. 
Clover  was  found  in  appreciable  quantities  only  on  the  limed 
portion  of  plots  9  and  10.  The  lessons  of  the  experiment, 
it  seems  to  me,  are  clear,  the  following  being  the  most  im- 
portant points  :  — 

1.  Nitrate  of  soda,  as  in  many  previous  experiments, 
proves  the  controlling  element  in  the  production  of  grass  ; 
but  this  exerts  the  full  eft'ect  of  Avhich  it  is  capable  only  on 
soils  which  are  not  excessively  acid. 

2.  Whenever,  in  a  mowing  seeded  with  a  mixture  of 
timothy  and  red-top,  the  latter  largely  predominates,  it  is  an 
evidence  that  the  productivity  of  the  field  would  be  increased 
by  an  application  of  lime. 

3.  Clover  cannot  be  made  to  thrive  in  a  soil  unless  it  is 
free  from  acidity  ;  and  in  those  cases  where  on  seeding  clover 
foils,  acidity  may  reasonably  be  looked  for. 

VII. — Experiment  in  Manuring  Grass  Lands. 

In  this  experiment,  which  has  continued  since  1893,  the 

purpose  is  to  test  a  system  of  using  manures  in  rotation  for 

the  production  of  grass.     The  area  used  in  the  experiment 

is  about  nine  acres.     It  is  divided  into  three  approximately 
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even  plots.  The  plan  is  to  ai)ply  to  each  plot  one  year 
barnyard  manure,  the  next  year  wood  ashes,  and  the  third 
3  ear  fine-ground  bone  and  muriate  of  potash.  As  we  have 
three  plots,  the  system  of  manuring  has  been  so  arranged 
that  every  year  we  have  a  plot  illustrating  the  results  of  each 
of  the  applications  under  trial.  The  rates  at  which  the  sev- 
eral manures  are  employed  are  as  follows  :  barnyard  manure, 
8  tons ;  wood  ashes,  1  ton  ;  ground  bone,  <iOO  pounds,  and 
muriate  of  potash,  200  pounds,  per  acre.  The  manure  is 
always  api)lied  in  the  fall,  ashes  and  the  bone  and  potash  in 
early  spring.  A  i)ortion  of  the  land  was  broken  up  as 
described  in  the  annual  report  for  last  year,  on  account  of 
having  become  somewhat  infested  with  weeds,  and  reseeded. 
That  portion  which  was  plowed  after  the  removal  of  the  first 
crop  in  the  summer  of  1902,  repeatedly  harrowed,  and  then 
seeded  on  August  15,  has  this  year  produced  a  very  heavy 
crop.  This,  no  doubt,  may  be  in  part  attributed  to  the  very 
thorough  preparation  which  the  land  received  before  seeding, 
althouoh  the  liberal  manuring  which  it  has  received  for  so 
many  years  was  no  doubt  also  a  most  important  factor.  The 
past  season,  although  it  promised  at  the  start,  on  account  of 
the  excessively  dry  weather  from  the  middle  of  April  to 
about  the  10th  of  June,  to  be  a  very  poor  one  for  the  hay 
crop,  eventually  proved  decidedly  fiivorable,  as  the  frequent 
rains  during  the  last  three  weeks  in  June  produced  a  heavy 
growth.  Conditions  for  the  rowen  crop  were  also  excep- 
tionally favorable.  The  yields  of  hay  and  of  rowen  and  the 
totals  for  each  system  of  manuring  were  at  the  following 
rates  per  acre  :  — 


Fertilizeks  used. 

Hay 

(Pounds). 

Rowen 

(Pounds). 

Totals 
(Pounds). 

Barnyard  manure 

Bone  and  potasli, 

Wood  ashes, 

5,886 
4,fi48 
5,188 

■2,664 
2,591 

8,550 
7,981 
7  779 

The  average  total  yield  of  the  entire  area  for  this  year  is 
8,104  pounds.  The  average  for  the  entire  period  (1893  to 
the  beginning  of  the  present  year)  was  {],4li\  pounds.     The 
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average  to  date  is  (5,5117  pounds.  The  average  yield  when 
top-dressed  witli  manure  has  been  (),827  pounds  ;  when  top- 
dressed  with  wood  ashes,  (5,427  pounds;  when  top-dressed 
with  bone  and  potash,  (J, 5(52  pounds.  The  average  yields 
for  this  year,  as  will  be  seen,  are  much  above  the  general 
average  to  date. 

Old  and  JVeiv  Seeding  compared. 
As  has  been  stated,  the  yield  on  the  part  of  the  land 
reseeded  last  sunnner  was  very  exceptionally  heavy.  The 
advantage  of  reseeding  is  made  evident  by  comparison  of 
the  yields  on  that  portion  of  plots  1  and  2  not  reseeded  with 
the  yield  on  the  portion  which  was  reseeded.  These  com- 
parisons are  shown  by  the  following  table  :  — 


Yield  per  Acre  (Pounds). 

Hay. 

Rowen. 

Totals. 

Plot  1,  wood  ashes :  — 

Not  reseeded, 

Reseeded  portion, 

Plot  2,  barn3'ard  manure :  — 

Not  reseeded, 

Reseeded  portion, 

4,305.0 
6,629.5 

3,966.0 
6,845.5 

1,938.0 
2,917.0 

1,676.0 
3,157.5 

6,243.0 

8,546.5 

5,642.0 
10,003.0 

The  yields  obtained  on  the  reseeded  portion,  amounting  to 
rather  over  4|  tons  on  one  plot  and  to  almost  exactly  5  tons 
on  the  other,  are  certainly  exceedingly  satisfactory. 


The  Seed  smvn. 
An  effort  is  being  made  to  render  the  results  of  the  experi- 
ments on  this  land  more  valuable  by  comparing  two  different 
mixtures  of  grass  seeds.  As  the  result  of  experience,  it  has 
been  found  that  on  this  land,  under  the  system  of  manuring 
followed,  timothy,  and  to  a  lesser  degree  red-top,  tend  to 
die  out,  and  are  replaced  to  a  considerable  extent  by  Ken- 
tucky blue-grass,  — a  species  far  less  valuable  for  mowings. 
Tall  and  meadow  fescue  will,  it  is  believed,  prove  more  per- 
sistent, and  it  is  hoped  they  may  be  able  to  hold  the  ground 
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against  the  Kentucky  blue-grass.  With  a  view  to  testing 
these  species  as  regards  tliis  point,  equal  areas  of  the  rcseeded 
portions  of  plots  1  and  2  have  been  sown  with  each  of  the 
two  mixtures  shown  below  :  — 


Fescue  Mixture  (Pounds 2Jcr  Acre). 
Timothy, 
Red-top, 
Red  clover,     . 
Alsike  clover, 
Kentucky  blue-grass. 
Meadow  fescue, 
Tall  fescue,     . 


Timothy  Mixture  (Potmds  j^er  Acre). 

Timothy 

Red-top,  ....... 

Red  clover,     ....... 

Alsike  clover,  ...... 


18 
8 
5 
4 


These  mixtures  may  be  for  convenience  called  respectively 
fescue  mixture  and  timothy  mixture.  The  relative  yields  in 
the  first  year  on  the  two  ditierent  seed  mixtures  is  shown 
below :  — 


nay 

(Pounds). 


Itowen 

(Pounds). 


Totals 
(Pounds). 


Plot  1 :  — 
Fescue  mixture, 
Timothy  mixture, 

Plot  2:  — 
Fescue  mixture, 
Timothy  mixture, 


5,042 
6,217 

f.,521 
7,129 


2,<)48 
3,186 


2,921 
3,394 


7,690 
9,403 


9,483 
10,523 


It  will  be  seen  that  the  timothy  mixture  has  given  the 
larger  crops  this  year  on  both  plots,  both  at  the  first  and 
second  ('uttings.  During  the  past  dozen  years  many  mix- 
tures of  grass  seeds  have  beiMi  tried  on  diflerent  parts  of  the 
college  estate,  but  none  has  been  found  which,  everything 
considered,   exce(>ds    in   vahie  a  mixture    substjintially  that 
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which  is  so  generally  used  of  timothy,  red-top  and  clover. 
This  mixture  in  the  first  year  is  clearly  superior  to  the  other, 
but  whether  it  will  maintain  its  superiority  cannot  of  course 
be  determined  at  present. 

Vin.  —  Experiment  in  the  Application  of  Manure. 

The  experiment  upon  which  the  results  for  the  past  year 
are  to  be  reported  was  begun  in  1899.  The  object  iii  view 
is  to  determine  whether  it  is  better  to  spread  fresh  manure 
during  late  fall  and  winter,  allowing  it  to  remain  upon  the 
surface  until  spring,  or  to  put  the  manure  when  hauled  out 
into  large  heaps,  to  be  spread  just  before  plowing  the  land 
in  the  spring.  A  full  account  of  the  plan  of  this  experiment 
will  be  found  in  the  thirteenth  annual  report  of  this  experi- 
ment station.  The  field  contains  five  plots,  each  subdivided 
into  two  sub-plots,  on  one  of  which  the  manure  is  spread 
when  hauled  out  during  the  winter  and  on  the  other  put  into 
a  large  heap  from  which  it  is  hauled  out  and  spread  in  the 
spring.  We  have  in  reality  five  parallel  experiments  yearly, 
the  area  of  each  sub-plot  being  about  one-quarter  of  an  acre. 
The  crop  last  year  was  ensilage  corn.  On  three  plots  the 
yield  where  the  manure  was  spread  in  the  spring  was  con- 
siderably greater  than  where  it  was  spread  in  the  winter  ;  on 
the  other  two  plots  the  yields  under  the  two  systems  of  ap- 
plication were  practically  equal.  Rye  was  sown  in  the  stand- 
ing corn  on  August  20,  to  furnish  winter  cover.  This  rye 
had  made  considerable  growth,  which  was  fairly  even  on  all 
the  plots  when  it  was  plowed  under,  the  middle  of  May. 
The  crop  of  this  year  was  soy  beans,  five  diflerent  varieties 
being  planted,  each  kind  in  equal  area  on  all  the  plots. 
Owing  to  the  cold  weather,  the  growth  was  not  altogether 
satisfactory,  and  the  yield  even  of  the  earliest  varieties  was 
small.  It  was  seen  that  one  variety  would  not  ripen,  and 
accordingly  it  was  cut  when  in  ensilage  condition  and  put 
into  the  silo.  We  have,  therefore,  to  report  for  each  plot 
the  rate  of  yield  per  acre  of  dry  beans  and  straw,  and  of 
green  forage  for  the  silo.  The  rates  of  yield  per  acre  and 
the  relative  standing  of  the  several  plots  are  shown  in  the 
tables : — 
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Actual  and  Relative  Yields  of  (ireen  Foray e. 


Manuring  previous 
TO  1889. 

Actual  Yiklus (Rates 
PER  Acre,  Pounds). 

Relative  Yields 
(Per  Cent.). 

riots. 

North  Half, 
Winter 
Applica- 
tion. 

South  Half, 

Sprinj-- 

Api)li<a- 

tion. 

North  Half, 
Winter 
Applica- 
tion. 

South  Half, 
Spring 
Applica- 
tion. 

1. 
;!, 

4, 

5, 

Barnyard  manure, 

Wood  aHlu'H, 

No  manure 

Fine-Ground  hone  and  mu- 
riate ot  |M(ta8li. 

Kinejiround  bone  an<l  sul- 
fate ot  jiotash. 

9,821 
9,041 
9,.54(i 
lO,.'-^) 

9,729 
8,811 
9,408 
11,.-)  19 
11,84(1 

1(K) 

10(1 
KHI 
1(H) 
100 

90.21 
89.72 
104. 0(! 
120.fi7 
112.66 

Actual  and  Relative  Yields  of  Sot/  Beans  and  Straw. 


Manuring  previous 

TO   1889. 

ACTUAL  Yields  (Rates  per  Acre). 

BEANS    (BUSHELS). 

STRAW    (POUNDS). 

Plots. 

North  Half, 
Winter 
Applica- 
tion. 

South  Half, 
.  Spring 
Applica- 
tion. 

North  Half, 
Winter 
Applica- 
tion. 

South  Half, 
Spring 
Applica- 
tion. 

1. 
a, 

4, 

Barnyard  manure, 

Wood  aslies. 

No  manure 

Fine-ground  lione  and  mu- 
riate of  potash. 

Fin(!-ground  bone  and  sul- 
fate of  jiotash. 

14..-)6 
16.27 
1.'>.04 
1.^.22 
14.26 

15.. 50 
14.42 

12..Y. 

ir..2i 

1,021 
1,272 
1,2;{2 
1,284 
l,2r.2 

1,212 
1,319 
1,119 
1,045 
1,269 

Actual  a7id  Relative  Yields  of  Soy  Beans  and  Straw  —  Concluded. 


Manuring  previous 

TO   1889. 

Relative  Yields  (Per  Cent.). 

BEANS. 

STRAW. 

Plots. 

North  Half, 
Winter 
Applica- 
tion. 

South  Half, 

Spring 

A  pplica- 

tion. 

North  Half, 
Winter 
Applica- 
tion. 

South  Half, 
Spring 
Applica- 
tion. 

1. 

;?, 

4, 
5, 

Uarnyard  manure. 

Wood  ashes. 

No  manure 

Fine-ground  hone  and  mu- 
riate of  potash. 

Fine-ground  bone  and  sul- 
fate of  jjotash. 

100 
100 
100 
100 
100 

106. S7 
95.27 
95.88 
82.46 

106.66 

100 

loo 
loo 
loo 

1(H) 

118.71 

lo;!.69 
90.83 
81.39 

101.36 

In  previous  years  the  soutli  half  (sprino;  manured)  of  each 
plot  has,  with  Iwo  iiisionifK-aiit  exceptions,  above  noted  in 
the  ease  of  the  ensilao-e  corn  of  I:ist    way,  oixcii   a   .greater 
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yield  than  tlu-  north  hiiH".  The  yield  of  the  wiiiter-nianui-ed 
portion  for  each  3'ear  bein<T^  considered  100  for  the  several 
})lots,  the  yields  of"  the  s])rin<j;-nianure(l  portion  of  the  same 
plots  has  varied  in  th(^  different  years  as  follows:  in  1900, 
from  103  to  125;  in  1901,  from  118  to  177  ;  in  1902,  from 
practical  equality  in  two  cases  to  150.  This  year,  it  Avill  b(; 
noted,  there  is  but  little  difference  in  the  yields  under  the 
two  systems  of  maiuiring,  and  the  advantage  is  on  the  side 
of  the  winter  a})plication.  The  winter  ai)plication  considered 
as  100  as  in  ])revious  years,  the  yields  for  the  spring  a})pli- 
cation  of  manures  has  varied  as  follows  :  for  the  beans,  82.4(i 
to  10(j.87  ;  for  the  straw,  81.39  to  118.71  ;  and  for  the  green 
forage,  89.72  to  120.(i7. 

In  attempting  to  understand  the  reasons  for  such  differ- 
ences as  have  been  noted  in  the  different  years,  we  find,  on 
a  study  of  the  weather  conditions,  that  those  of  the  wint(!r 
of  1902  and  1903  were  for  this  locality  quite  exceptional. 
A  heavy  snowfall  came  during  the  first  week  in  December, 
at  which  time  the  ground  was  not  frozen.  This  snow,  Avitli 
occasional  additions  from  time  to  time,  though  sometimes 
wasting  to  some  extent,  lay  upon  the  ground  throughout  the 
winter  in  sufficient  amount  to  ])revent  the  ground  from  freez- 
ing. The  winter  was  without  those  frequent  sudden  thaws, 
accompanied  by  heavy  rains,  which  with  frozen  ground  lead 
to  excessive  washing.  So  r(!markable  was  the  winter  that 
the  roots  of  one  of  our  exceptionally  hardy  summer  crops, 
dwarf  P^ssex  rape,  came  out  in  the  spring  uninjured,  and 
with  the  approach  of  warm  weather  sprouted  and  made  vig- 
orous gi'owth.  Under  such  conditions  it  is  not  stranger  that 
loss  of  the  soluble  plant  food  constituents  of  the  manure 
spread  upon  the  surface  took  place  to  a  very  slight  extent, 
if  at  all.  Could  we  depend  upon  such  winters  as  the  last, 
the  })ractice  of  s})reading  manure  and  leaving  it  upon  the 
surface  during  the  winter  would  undoubtedly  be  wise,  as  it 
saves  on  the  cost  of  handling;  but,  as  every  one  familiar 
with  our  climate  understands,  such  winters  cannot  be  de- 
pended upon,  and  accordingly  the  weight  of  evidence  in  our 
experiments  is  still  in  favor  of  hauling  the  manure  into  heaps, 
to  remain  over  winter  and  to  be  spread  in  the  spring. 
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IX.  —  Poultry  Experiments. 
In  our  experiments  Avith  poultry  during  the  past  year  our 
attention  has  been  confined  almost  exclusively  to  questions 
connected  with  the  feedino^  of  fowls  for  eofo-s.  We  are  en- 
deavoring  to  obtain  light  on  the  question  as  to  the  proper 
relation  between  the  different  nutrients  in  the  ration  fed. 
Our  work  during  the  year  may  be  summarized  as  follows  :  — 

1.  AVe  have  compared  two  rations,  in  one  of  which  corn 
is  prominent,  in  the  other  wheat,  using  animal  meal  as  a 
source  of  animal  food.  The  nutritive  ratio  of  the  ration  in- 
chiding  wheat  has  been  1  :  4.34  ;  for  the  one  including  corn, 
the  ratio  has  been  1  :  6.24. 

2.  We  have  compared  two  rations  in  which  respectively 
corn  and  Avheat  are  })rominent,  with  milk  albumin  as  the 
source  of  animal  food  in  each,  and  with  an  addition  of  corn 
oil  as  a  source  of  fat,  in  whicli  the  milk  albumin  is  very 
poor.  The  nutritive  ratio  of  the  ration  including  wheat  is 
1  :  4.44;  for  the  ration  including  corn,  1  :  (i.48. 

3.  We  have  compared  two  rations  in  one  of  which  wheat 
is  })rominent,  in  the  other  rice,  wdth  milk  albumin  as  the 
source  of  animal  food  in  each.  Both  of  these  rations  were 
very  low  in  fat.  The  nutritive  ratio  of  the  first  (in  which 
wheat  is  prominent)  is  1  :  4.3  ;  of  the  second  (in  which  rice 
is  prominent),  1  :  6.4. 

The  most  important  points  in  connection  with  the  results 
appear  to  be  as  follows  :  — 

1.  In  the  comparison  of  wheat  with  corn,  where  animal 
meal  was  the  source  of  animal  food,  the  egg  production  for 
the  entire  period  from  December  14  to  September  4  was 
practically  equal.  For  the  winter  period,  December  14  to 
April  1,  the  corn  ration  produced  eggs  at  an  average  rate 
of  .3005  per  hen  day  ;  the  wheat  ration,  at  the  i*ate  of  .2792 
per  hen  day.  In  other  words,  100  hens  on  the  corn  ration 
would  have  given  an  average  daily  yield  of  a  slight  fraction 
over  30  eggs,  while  the  wheat  ration  would  have  given  from 
the  same  number  of  hens  almost  28  eggs  ])er  day.  For  the 
summer  period,  April  1  to  September  4,  the  corn  ration  gave 
an  average  of  .4365  eggs   per   hen  day;   the  wheat  ration, 
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.4541 ;  or,  in  other  words,  the  average  daily  i)roduet  from 
100  hens  would  have  been  for  the  wheat  ration  44.4  iig<f^s  ; 
for  the  corn  ration,  about  43.7.  The  avenige  food  cost  per 
egg  produced  was  on  the  wheat  ration,  a  very  slight  fraction 
over  1  cent ;  on  the  corn  ration  it  was  .85  of  a  cent. 

2.  In  the  comparison  of  wheat  with  corn,  with  milk  albu- 
min as  the  source  of  animal  food  in  each,  and  with  corn  oil 
added  as  a  source  of  fat,  the  egg  product  was  considerably 
better  than  in  the  first  exi)eriment.  For  the  entire  period 
the  hens  receiving  corn  produced  more  eggs, — ran  average 
at  the  rate  of  .4166  eggs  per  hen  day.  For  the  wheat  the 
similar  average  Avas  .3570.  For  the  winter  period,  Decem- 
ber 14  to  April  1,  similar  averages  were  :  for  the  wheat  ra- 
tion, .2606  ;  for  the  corn  ration,  .2862.  For  the  summer 
period,  April  1  to  September  4,  the  averages  were  :  for  the 
wdieat,  .4251  ;  for  the  corn,  .5107.  For  the  entire  period 
the  average  food  cost  per  egg  laid  was  for  the  wheat  ration 
1  cent,  for  the  corn  ration  .8  cent.  The  product  obtained 
in  this  experiment,  at  the  rate  respectively  for  the  Avheat  of 
35.7  eggs  per  dny  and  for  the  corn  at  the  rate  of  41.66  eggs 
per  day,  for  100  hens  is  considered  good,  for  fowls  kept  in 
close  confinement,  especially  in  view  of  the  fact  that  the  pul- 
lets used  in  the  experiment  were  rather  late  hatched,  and  laid 
but  few  eggs  until  the  first  of  Februar}^  viz.,  125  for  the 
fowls  receiving  wheat  and  48  for  the  fowls  receiving  the  corn 
ration. 

3.  In  the  comparison  of  wheat  with  rice,  with  milk  albu- 
min as  the  source  of  animal  food  in  each,  the  results  were 
decidedly  in  favor  of  the  ration  including  the  rice.  For  the 
entire  period  the  product  of  these  fowls  was  at  the  rate  of 
.3732  eggs  per  hen  day  ;  for  the  fowls  receiving  the  wheat, 
at  the  rate  of  .3328  eggs  per  hen  day.  For  the  winter 
period,  December  14  to  April  1,  the  averages  were  :  for  the 
rice  ration,  .3097  ;  for  the  wheat  ration,  .2241  eggs  per  hen 
day.  For  the  summer  period,  April  1  to  September  4,  simi- 
lar averages  were  :  for  the  rice,  .4188  ;  for  the  wheat,  .4080. 
The  production  in  this  experiment  is  inferior  on  both  rations 
to  that  obtained  in  cither  of  the  other  experiments  ;  and,  al- 
though the  yield  on  the  ricG  is  fairly  goodj  this  cannot  be 
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regarded  as  a  practical  food  for  ordinary  use,  on  account  of 
its  high  cost.  The  food  cost  for  the  eggs  produced  in  this 
experiment  Avas  at  the  rate  of  about  1^  cents  for  the  Avheat 
ration,  and  nearly  2.1  cents  per  egg  for  the  rice  ration. 

As  the  result  of  experiments  in  previous  years,  corn  had 
been  found  superior  to  wheat  rations  when  animal  meal  was 
used  as  the  source  of  animal  food,  while  with  scraps  the  two 
rations  gave  nearly  equal  numbers  of  eggs.  In  previous 
experiments,  with  milk  albumin  as  the  source  of  animal 
food,  the  egg  production  has  usually  been  unsatisfactory 
when  wheat  has  been  the  principal  grain.  These  facts  had 
led  to  the  belief  that  possibly  the  amount  of  fat  in  the  ration 
played  an  important  part  in  determining  the  egg  yield  ;  and 
the  experiments  of  this  year  Avere  planned  with  a  view  to 
throwing  light  upon  this  point.  In  some  particulars  they 
seem  to  confirm  this  theory.  The  production  of  eggs  on 
milk  albumin,  Avhich  is  very  low  in  fat,  has  in  previous 
years  been  quite  unsatisfactory.  This  year,  with  the  addi- 
tion of  fat,  more  eggs  have  been  produced.  Further,  in 
other  experiments  the  egg  })roduction  Avhcre  corn  is  the 
principal  grain  has  much  exceeded  that  Avhcre  Avhcat  is  the 
principal  grain,  Avhen  animal  meal  is  used  as  the  source  of 
animal  food.  The  results  this  year  Avere  very  similar.  On 
the  other  hand,  the  ration  lowest  in  fat  of  all,  viz.,  that  in- 
cluding rice,  has  given  many  more  eggs  than  the  ration  in- 
cluding Avheat,  which  furnishes  a  far  greater  quantity  of  fat. 

A  study  of  the  rations  of  this  year  shows  an  apparent  re- 
lation between  the  (juantity  of  fiber  in  the  food  and  the  egg 
production.  The  rations  furnishing  exceptionally  large 
amounts  of  fiber,  derived  })rinci[)ally  from  such  grains  as 
oats  and  bjirley,  have  given  very  inferior  yields  of  eggs. 

In  conclusion,  Ave  are  justified  in  saying  that  our  experi- 
ments do  not  lend  su})})ort  to  the  belief  that  the  nutritive 
ratios  of  rations  fed  to  hens  must  necessarily  be  narrow  to 
produce  a  satisfactory  product.  We  have  obtained  more 
eggs  in  Avinter  in  all  experiments  this  year  on  the  combina- 
tions of  foods  Avith  the  wider  nutritive  ratios,  and  in  two  out 
of  three  ex])eriments  the  result  Avas  the  same  for  the  summer 
period,     I  am  still  inclined  to  the  belief  that  the  amount  of 
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fat  in  tho  ration  is  a  matter  of  niiuh  importance.  1  believe, 
further,  that  care  should  he  taken  that  the  ration  docs  not 
include  too  large  a  })roportion  of  fiber,  as  this  without  doubt 
increases  the  labor  of  digestion,  and  probably  decreases  the 
proportion  of  the  various  nutrients  digested  and  assimilated. 
It  is  well  understood  that  animal  matter  of  some  kind  is 
essential  to  good  vgg  production.  Our  earlier  experiments 
have  shown  the  great  superiority  of  animal  to  vegetable  pro- 
tein in  rations  for  laying  hens.  It  is  believed,  however,  that 
suitable  animal  feeds,  under  which  class  may  be  included  all 
such  as  are  well  preserved  and  sweet  and  palatable,  may  be 
wisely  used  in  connection  with  a  large  proportion  of  our 
cheapest  grain,  —  corn. 


154  HATCH   EXPERIMENT    STATION.         [Jan. 


KEPOKT   OF   THE   DEPARTME^^T   OF 
HORTICULTURE. 


F.  A.  WAUGII,  HOKTICULTUIUST  ;    GEO.  O.  GKEENE,  ASSISTANT. 


The  work  of  the  department  of  horticulture  during  the 
year  just  closing  has  been  devoted  largely  to  reorganization, 
and  to  the  beginning  of  new  lines  of  experiment  and  new 
systems  of  record.  The  various  experiments  undertaken 
will  be  reported  upon  as  fast  as  valuable  results  develop. 
Meanwhile,  the  department  continues  to  find  a  large  part  of 
its  pul^lic  service  in  answering  various  inquiries  from  all 
over  Massachusetts  and  neighboring  States.  Such  inquiries, 
touching  all  the  subjects  connected  with  fruit  and  vegetable 
growing,  arboriculture  and  landsca))e  gardening,  are  answered 
promptly,  and  as  fully  as  circumstances  permit. 

The  work  of  testino^  new  and  old  varieties  of  fruits  and 
vegetables  has  been  considerabl}"  al)ated,  but  has  not  been 
suddenly  nor  inconsiderately  abandoned.  The  comparison 
of  varieties  of  strawberries,  for  example,  which  has  long 
been  a  feature  of  the  department  work,  has  been  continued 
for  the  present  on  a  somewhat  different  plan,  and  some 
report  of  results  is  a  part  of  the  present  publication. 

Mr.  George  A.  Drew,  who  has  been  assistant  horticultur- 
ist and  in  charge  of  various  lines  of  experimental  work  for 
several  years,  resigned  that  position  in  September,  to  take 
up  more  remunerative  work  elsewhere.  The  vacancy  was 
filled  October  1  by  the  appointment  of  ^Nfr.  George  O. 
Greene,  assistant  horticulturist  of  the  Kansas  Experiment 
Station.  The  high  character  of  the  service  performed  by 
Mr.  Drew  during  his  term  as  assistant  should  be  a  matter  of 
special  recognition  and  record  here. 
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Straavberry  Experiments. 
Experiments  with  straw) )erric,s,  which  have  been  carried 
on  for  many  years  in  tlie  department  of  liorticultim^,  have 
been  continued  for  the  present.  This  Avorlv  has  been  under 
the  direct  charge  of  Mr.  George  A.  Drew,  and  the  following 
notes  have  largely  been  made  up  by  him. 

Season  and  jSoUs. 

The  season  of  1903  was  a  disappointment  in  many  respects 
to  sti-awberry  growers.  To  start  with,  a  number  of  the  early 
varieties  were  damaged  by  spring  frosts ;  then,  when  the 
later  fruit  was  about  ready  to  matiu'e,  a  severe  drought  set 
in,  lasting  practically  throughout  the  fruiting  season,  and 
very  naturally  reducing  the  yield. 

While  disappointing  from  the  commercial  grower's  stand- 
point, the  season  was  not  without  some  instructive  features 
?is  regards  behavior  of  varieties  and  the  ability  of  certain 
soils  to  retain  moisture.  Where  the  soil  had  been  very  thor- 
oughl}^  prepared,  and  there  was  an  abundance  of  vegetable 
matter  present,  the  strawberry  plant  withstood  the  dry 
weatlier  without  very  serious  damage;  on  the  other  hand, 
where  the  soil  was  of  a  gravelly  nature,  and  the  amount  of 
vegetable  matter  limited,  the  plant  easily  succumbed  to  the 
eftects  of  the  drought. 

It  cannot  be  emphasized  too  nuicli  or  repeated  too  often 
how  great  a  part  thorough  preparation  of  the  soil  talies  in 
the  yields  obtained.  The  strawberry  naturally  has  a  very 
limited  root  system,  and  any  means  that  will  induce  the 
fibers  to  penetrate  deeper  is  labor  well  spent. 

A  medium  deep  loam  is,  all  things  considered,  about  the 
ideal  soil.  If  one  depends  on  a  sandy  or  gravelly  soil,  im- 
gation  facilities  must  be  provided,  and,  taken  one  year  with 
another,  some  system  of  irrigation  will  undoubtedly  pay. 
If  one  does  not  feel  justified  in  the  outlay  this  would  neces- 
sitate, and  one  has  several  kinds  of  soil  to  choose  from,  it  is 
well  to  select  two  different  types  :  one  gravelly,  light  and 
early ;  the  other  more  loamy,  heavier  and  later.  Then, 
after  a  series  of  years,  one  could  balance  up  accounts,  so  to 
speak,  and  find  which  was  the  most  profitable  in  the  long  run. 


156  HATCH   EXPERIMENT    STATION.  [Jan. 


2*^ofes  on  Varieties. 
Many  new  and  old  varieties  biave  been  compared  on  dif- 
ferent .soils,  ranging  from  rather  dry  gravel  to  fine'rich  loam. 
Those  varieties  which,  on  account  of  their  novelty,  their 
special  value  or  other  interest,  seem  worthy  of  report,  are 
described  and  commented  on  below. 

Atiyust  LiiUicr. — Fruit:  oblong;  size,  .small;  core,  melting;  ex- 
ternal color,  scarlet ;  color  of  lle.sh,  light  pink ;  flavor,  .sweet;  season, 
early  ;  calyx,  small,  loose;  texture,  medium  ;  seeds,  yellow,  imbedded  ; 
quality,  good  ;  shipping  quality,  good.  Blossom,  perfect;  jilant,  fairly 
vigorous;  foliage,  fai-r;  runners,  many ;  rust,  none. 

Sets  a  large  amount  of  fruit,  but  has  no  special  points  of  merit. 

Belmont. — Fruit:  oblong,  Hattish,  irregular ;  size,  very  large  ;  core, 
slightly  hollow ;  external  color,  ci'imson  ;  color  of  flesh,  red  to  core ; 
flavor,  slightly  acid  ;  season,  medium  to  late  ;  calyx,  large,  loose  ;  tex- 
ture, lirm ;  seeds,  yellow,  imbedded  ;  (Quality,  good  ;  shipping  quality, 
good.     Blossom,  perfect ;  runners,  numerous  ;  rust,  very  slight. 

Not  very  productive,  but  attractive  in  appearance,  and  one  of  the 
good  old  kinds. 

Bismarck. — Fruit:  roundish;  size,  medium  large;  core,  small, 
hard  and  closed;  external  color,  scai'let;  color  of  tlesh,  light  pink; 
flavor,  sweet;  season,  early  to  medium  ;  calyx,  medium  loose  ;  texture, 
medium;  seeds,  yellow,  prominent;  quality,  very  good;  shipping 
quality,  fair.  Blossom,  perfect ;  jilant,  vigorous  ;  foliage,  good ;  run- 
ners, numerous ;  rust,  none. 

A  good  home  l)erry,  and  fairly  productive. 

Blonde. — Fruit:  conic,  regular ;  size,  medium  large  ;  core,  slightly 
open ;  external  color,  light  crimson  ;  color  of  flesh,  reddish ;  flavor, 
acid;  season,  late;  calyx,  large,  loose;  texture,  firm;  seeds,  brown- 
ish, prominent ;  quality,  fair;  shipping  ijuality,  good.  Blossom,  im- 
perfect ;  plant,  vigorous ;  foliage,  good ;  runners,  numerous ;  rust, 
slight. 

Brandyiviuc.  —  Fruit:  round,  conic,  tapers  to  sharp  point;  size, 
large ;  core,  slightly  open ;  external  color,  dark  crimson ;  color  of 
flesh,  red  throughout;  flavor,  acid;  season,  medium  to  late;  calyx, 
green,  loo.se  and  prominent;  texture,  firm;  seeds,  yellow,  prominent; 
(juality,  good;  shipj^ing  quality,  fair.  Blossom,  a  good  pollenizer, 
perfect;  plant,  vigorous;  foliage,  dark,  large  and  regular;  runners, 
numerous ;  rust,  slight. 

Productive  generally,  but  the  fact  of  berry  turning  black  where  ex- 
posed to  the  air  proves  a  great  draAvback  ;  erratic  in  different  localities. 

Brunette.  —  Fx^it:  round,  conic;  size,  large  ;  core,  slightly  hollow  ; 
external  color,  crimson;  color  of  flesh,  crimson;  flavor,  insipid;  sea- 
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sou,  medium ;  c:il\x,  uieiliuui  loose ;  texture,  uiecUuiu  ;  seeds,  yellow, 
imbedded;  quality,  fair;  shipping  quality,  fair.  Hlossom,  perfect; 
plant,  vigorous  ;  foliage,  good  ;  runners,  numerous  ;   rust,  none. 

A  valual)le  home  variety. 

Bubdvli.  —  Fruit  :  flat,  conical  ;  size,  large  ;  core,  hollow  ;  external 
color,  dark  scarlet ;  color  of  flesh,  scarlet ;  flavor,  insipid ;  season, 
early  to  medium  ;  calyx,  medium  ;  texture,  medium  ;  seeds,  greenish, 
jirominent;  quality,  fair;  shipping  quality,  fair.  Blossom,  perfect; 
jtlant,  deficient  in  vigor;  foliage,  medium  dark,  medium  large;  run- 
ners, medium ;   rust,  slight. 

Deficient  in  vigor,  and,  like  the  Marshall,  succeeds  only  in  favored 
localities,  where  one  can  get  a  fine  healthy  stock  of  plants. 

Bui^h  Vluster.  —  Fruit:  usually  conical;  size,  medium  large;  core, 
slight;  external  color,  scarlet;  color  of  flesh,  light  scarlet;  flavor, 
acid  ;  season,  medium  ;  calyx,  medium  loose  ;  texture,  medium  ;  seeds, 
imbedded  ;  quality,  poor ;  shipping  quality,  fair.  Blossom,  imperfect ; 
plant,  fairly  vigorous ;  foliage,  large,  medium  dark ;  runners,  numer- 
ous ;  rust,  slight. 

A  disappointment  in  all  respects. 

Clyde. — Fruit:  irregular,  conic;  size,  large  to  very  large;  core, 
slight ;  external  color,  scarlet ;  color  of  flesh,  scarlet ;  flavor,  sub-acid  ; 
season,  early  ;  calyx,  loose,  large  ;  texture,  medium  ;  seeds,  imbedded  ; 
quality,  fair ;  shipping  quality,  fair.  Blossom,  perfect ;  plant,  deficient 
in  vigor;  foliage,  medium,  large,  light;  runners,  very  numerous; 
rust,  slight. 

Extremely  productive,  and  tends  to  set  more  fruit  than  it  is  capable 
of  maturing;   somewhat  su])ject  to  disease. 

Cobden  Queen.  — Fruit :  I'ound,  irregular,  conic  ;  size,  medium  large  ; 
external  color,  dark  scarlet ;  color  of  flesh,  scarlet ;  flavor,  acid ;  sea- 
son, medium ;  calyx,  medium ;  texture,  firm ;  seeds,  prominent  out- 
side;  quality,  good;  ship^jing  quality,  good.  Blossoms,  rather  few, 
imperfect ;  runners,  numerous  ;  rust,  slight. 

Foliage  unhealthy  ;   fruit  seedy. 

Corsica?i.  —  Fruit:  round  to  roundish,  conic;  size,  medium;  core, 
slightly  hollow  ;  external  color,  scarlet ;  color  of  flesh,  pinkish  :  flavor, 
insipid  ;  season,  early  to  medium  early  ;  calyx,  medium  ;  texture,  soft; 
seeds,  yellow,  outside;  quality,  fair;  shipping  quality,  poor.  Blos- 
som, perfect;  plant,  vigorous;  foliage,  inclined  to  discolor;  nmners, 
fair;  rust,  slight. 

Too  soft  for  commercial  use ;  always  a  disappointment  here. 

Darling.  —  Fruit:  round,  conic  ;  size,  medium;  core,  medium  ;  ex- 
ternal color,  scarlet;  color  of  flesh,  light  scarlet;  flavor,  insipid; 
season,  medium;  calyx,  medium;  texture,  medium;  seeds,  yellow, 
prominent ;  quality,  fair.  Blossom,  perfect ;  plant,  deficient  in  vigor ; 
rust,  slight. 

Too  poor  for  commercial  use. 
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Delaware Fruit:    flat,   conical,  irregular;    size,   medium;    core, 

medium  to  large ;  external  color,  crimson ;  color  of  flesh,  crimson ; 
flavor,  acid  ;  mid-season  ;  calyx,  rather  prominent ;  texture,  firm  ;  seeds, 
yellow,  prominent;  quality,  poor;  shipping  quality,  very  good.  Blos- 
som, perfect ;  plant,  medium  in  vigor ;  foliage,  medium ;  runners, 
medium ;  rust,  little. 

liather  unproductive,  but  set  some  fine  fruit  of  good  color  and 
shipping  quality. 

Dewey.  — Fruit :  long,  conic  ;  size,  medium  large  ;  core,  small,  hard  ; 
external  color,  scarlet ;  color  of  flesh,  scarlet ;  flavor,  acid ;  season, 
medium ;  calyx,  medium ;  texture,  firm ;  seeds,  yellow,  prominent ; 
quality,  fair ;  shipping  quality  good.  Blossom,  perfect ;  plant,  fairly 
vigorous  ;  foliage,  medium  green  ;  runners,  medium  ;  rust,  slight. 

Inclined  to  be  deficient  in  vigor,  and  nothing  of  special  merit  to 
recommend  it. 

Bole. — Fruit:  irregular,  conical;  size,  medium  large;  core,  me- 
dium large  ;  external  color,  scarlet;  color  of  flesh,  light  scarlet;  flavor, 
sweet;  season,  medium;  calyx,  medium;  texture,  rather  soft;  seeds, 
yellow,  imbedded ;  qualit3%  good ;  shipping  quality,  poor.  Blossom, 
imperfect;  plant,  vigorous;  foliage,  good;  rimners,  many;  rust,  little. 

Unproductive ;  possesses  no  special  advantage  over  others. 

Drought  King.  —  Fruit :  round,  conical,  and  irregular ;  size,  medium ; 
core,  slight,  hard  ;  external  color,  scarlet ;  color  of  flesh,  whitish  ;  flavor, 
very  acid,  sour;  season,  medium;  calyx,  medium  ;  texture,  firm;  seeds, 
brownish,  prominent ;  quality,  very  good ;  shipping  quality,  good. 
Blossom,  imperfect ;  rust  on  2)lant,  slight. 

Unworthy  of  its  name  ;  very  poor. 

Oibson.  —  Fruit :  flat,  conical ;  size,  large  to  very  large  ;  core,  small, 
hollow;  external  color,  dark  crimson;  color  of  flesh,  red  throughout; 
flavor,  slightly  acid ;  season,  medium  ;  calyx,  medium  large  ;  texture, 
firm;  seeds,  yellow,  prominent;  quality,  fair;  shipping  quality,  good. 
Blossom,  perfect ;  plant,  fairly  vigorous ;  foliage,  liealthy,  vigorous ; 
runners,  few  ;  rust,  slight. 

Unproductive  here,  but  very  fine  fruit,  and  worthy  of  further  trial. 

Gladstone. — Fruit:  irregular,  conic,  like  Glen  Mar}';  size,  large  to 
very  large;  core,  hard;  external  color,  scarlet;  color  of  flesh,  pinkish ; 
flavor,  acid;  season,  medium;  calyx,  loose  medium;  seeds,  yellow, 
imbedded;  quality,  fair;  shipping  quality,  good.  Blossom,  perfect; 
plant,  vigorous ;  foliage,  large,  medium  green ;  runners,  numerous ; 
rust,  slight. 

Resembles  Glen  Mary  closely. 

Ole7i  Mary.  —  Fruit:  irregular,  conical;  size,  large;  core,  hard; 
external  color,  crimson  ;  color  of  flesh,  crimson ;  flavor,  acid  ;  season, 
medium;  calyx,  medium;  texture,  firm;  seeds,  yellow,  prominent; 
(|uality,  poor;  shipping  quality,  good.  Blossom,  perfect;  plant,  very 
vigorous;   foliage,  large,  vigorous;    runners,  nunicx'ous ;    rust,  slight. 
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Greatest  fault  iu  uneven  ripening  of  tips  of  berries,  but  large  and 
productive. 

Havcrkmd.  —  Fruit:  long,  conical;  size,  medium  large  to  large; 
core,  slight ;  external  color,  scarlet ;  color  of  flesh,  scarlet ;  flavor, 
sweet;  season,  early ;  calyx,  medium ;  texture,  medium;  seeds,  slightly 
imbedded;  (luality  good ;  shipping  quality,  good.  Blossom,  imperfect ; 
plant,  very  vigorous  ;  foliage,  large,  long;  runners,  many  ;  rust,  slight. 

Very  productive,  and  one  of  the  best  for  commercial  and  domestic 
use  ;  one  of  the  leaders  still. 

Haivaii.  —  Fruit :  long,  conic ;  size,  medium  ;  core,  slight ;  external 
color,  scarlet ;  color  of  flesh,  light  scarlet ;  flavor,  sweet ;  season,  early ; 
calyx,  medium ;  texture,  medium ;  seeds,  yellow,  slightly  imbedded ; 
quality,  good;  shipping  quality,  good.  Blossom,  perfect;  jjlant,  vigor- 
ous ;  foliage,  resembles  Haverland ;  runners,  numerous ;  rust,  slight. 

Resembles  Haverland  closely,  but  not  so  productive  nor  so  large  fruit. 

Hero.  —  Fruit :  flat,  conical ;  size,  medium  large  ;  core,  medium  ; 
external  color,  dark  scarlet ;  color  of  flesh,  red  to  core ;  flavor,  acid ; 
season,  medium;  calyx,  medium;  texture,  firm;  seeds,  yellow,  promi- 
nent; quality,  good;  shipping  quality,  good.  Blossom,  jierfect ;  plant, 
fairly  vigrorous ;  foliag-e,  o^ood ;  runners,  few;  rust,  slight. 

Not  very  vigorous  or  productive,  and  a  disappointment  here. 

Howard  7 .  —  Fruit :  irregular,  inclined  to  be  in  two  parts ;  size, 
lai'ge ;  core,  large,  open,  hollow ;  external  color,  crimson ;  color  of 
flesh,  crimson  to  core;  flavor,  acid;  season,  medium;  calyx,  large, 
upturned;  texture,  firm;  seeds,  yellow,  imbedded;  quality,  poor; 
shipping  quality,  good.  Blossom,  imperfect ;  plant,  vigoi'ous  ;  foliage, 
dark,  medium  large;  rmmers,  avei'age ;  rust,  slight. 

Worthy  of  further  trial. 

Howard  14.  —  Fruit:  very  long,  tapering  at  each  end;  size,  large; 
core,  slight,  slightly  hollow  ;  external  color,  dark  scarlet ;  color  of  flesh, 
scarlet;  flavor,  sweet;  season,  early  to  medium;  calyx,  medium  large; 
texture,  firm  ;  seeds,  yellow,  imbedded  ;  quality,  good ;  shipping  quality, 
good.  Blossom,  imperfect;  plant,  very  vigorous;  foliage,  very  tall, 
long  leaf  stalks;   runners,  many ;  rust,  little. 

Inclined  to  run  small  after  first  few  pickings. 

Howard  36. — Fruit:  long,  flat,  conical,  somewhat  tapering  at 
point;  size,  large;  core,  slight;  external  color,  dark  scarlet;  color  of 
flesh,  scarlet;  flavor,  slightly  acid;  season,  medium  to  early;  calyx, 
medium  loose;  texture,  firm;  seeds,  yellow,  imbedded;  quality,  fair; 
shipping  quality,  good.  Blossom,  imperfect ;  plant,  vigorous;  foliage, 
medium  large,  vigorous  ;  runners,  many ;  rust,  little. 

One  of  the  most  productive  and  profitable  varieties  on  our  ground. 

Howard  103.  —  Fruit:  round,  conical;  size,  large;  core,  closed, 
slight ;  external  color,  crimson ;  color  of  flesh,  crimson ;  flavor,  acid ; 
season,  very  early;  calyx,  medium,  rather  loose;  texture,  rather  soft; 
seeds,  yellow,  deeply  imbedded ;   quality,  fair;   shipping  quality,  fair. 
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Blossom,  imiJerfect ;  pliint,  fairly  vigorous ;  foliage  medium,  dark  and 
vigorous;   runners,  medium ;   rust,  none. 

A  good,  productive,  very  early  berry,  and  for  this  purpose  excels. 

Howard's  Clyde  3.  —  Fruit:  round,  conic,  slightly  irregular,  often 
divided ;  size,  large ;  core,  slight,  closed ;  external  color,  scarlet ; 
color  of  flesh,  scarlet;  flavor,  slightly  acid;  season,  early;  calyx,  me- 
dium large,  loose  ;  textui'e,  slightly  soft ;  seeds,  light  yellow,  imbedded  ; 
quality,  good;  shipping  quality,  good.  Blossom,  perfect;  plant, 
vigorous;  foliage,  medium  dark,  large;  runners,  numerous;  rust, 
none. 

Does  not  set  as  much  fruit  as  Clyde,  but  matures  it  better ;  an  im- 
provement on  Clyde,  and  valuable. 

Joe. — Fruit:  round,  conic;  size,  large  to  ver}'  large;  core,  slight; 
external  color,  scarlet;  color  of  flesh,  scarlet;  flavor,  sweet;  season, 
medium ;  calyx,  loose,  medium  large ;  texture,  firm ;  seeds,  yellow, 
prominent;  quality,  good  ;  shipping  quality,  good.  Blossoms,  medium 
in  nsmljer,  large,  perfect ;  plant,  vigorous ;  foliage,  large,  dark ;  run- 
ners, fair;  rust,  slight. 

Not  very  productive,  l)ut  promising  as  a  large,  juicy  berry;  fancy. 

Jucunda.  —  Fruit :  roundish  ;  size,  large  ;  core,  medium  ;  external 
color,  crimson;  color  of  flesh,  cinmson ;  flavor,  acid;  season,  medium; 
calyx,  green;  texture,  firm;  seeds,  yellow,  prominent;  quality,  good; 
shipping  quality,  good.  Blossom,  perfect;  plant,  vigorous;  foliage, 
large,  dark,  on  short  stalks  ;  runners,  medium  ;  rust,  slight. 

Still  worthy  of  cultivation,  though  deficient  in  vigor. 

Kansas.- — Fruit:  I'ound,  conic;  size,  medium  ;  core,  slightly  hard  ; 
external  color,  scarlet;  color  of  flesh,  light  scarlet;  flavor,  sub-acid; 
season,  early  to  medium ;  calj^x,  medium  loose ;  texture,  medium ; 
seeds,  yellow,  imbedded;  quality,  fair;  shipping  quality,  fair.  Blos- 
som, imperfect ;  plant,  vigorous ;  foliage,  medium  vigorous ;  runners, 
very  numerous  ;  rust,  slight. 

Not  to  be  recommended,  according  to  its  behavior  on  our  grounds. 

Klondike.  —  Fruit:  irregular,  conic  ;  size,  very  large  ;  core,  slight; 
external  color,  dark  scarlet;  color  of  flesh,  scarlet;  flavor,  insipid; 
season,  medium;  calj'x,  large;  textixre,  medium;  seeds,  brown,  im- 
bedded; quality,  poor ;  shipping  quality,  fair.  Blossom,  perfect;  plant, 
vigorous;  foliage,  light;  runners,  numerous;  rust,  slight. 

Inclined  to  ripen  unevenly,  and  too  soft  for  transportation  a  long  dis- 
tance ;  valuable  home  variety. 

Latest. — Fruit:  irregular,  conic;  size,  large  to  very  large;  core, 
hard;  external  color,  dark  scarlet;  color  of  flesh,  whitish;  flavor,  in- 
sipid; season,  late;  calyx,  loose;  texture,  medium  firm;  seeds,  brown, 
deeply  imbedded ;  quality,  fair ;  shipping  quality,  fair.  Blossom, 
imperfect;  plant,  medium  vigorous;  foliage,  medium;  runners,  few; 
rust,  slight. 

Plants  stock  up  well  and  are  fairly  productive ;  promising  late 
varietv- 


1904.]  PUBLIC   DOCUMENT  — No.   33.  161 

Leheman  2.  — Fruit:  irregular,  conical ;  size,  large  ;  core,  hard  ;  ex- 
ternal color,  dark  scarlet;  color  of  flesh,  light  scarlet ;  flavor,  acid  ;  mid- 
season  ;  calj'x,  small;  texture,  firm;  seeds,  yellow,  prominent;  quality, 
poor ;  shipping  quality,  fair.  Blossom,  peiiect ;  plant,  vigorous  ;  foli- 
age, leaves  long,  medium  large;  runners,  numerous;  rust,  slight. 

Productive  and  reliable. 

Lester.  —  Fruit:  conical;  size,  large;  core,  slight;  external  color, 
dark  scarlet ;  color  of  flesh,  scarlet ;  flavor,  acid ;  season,  medium ; 
calyx,  large,  loose,  prominent;  texture,  firm;  seeds,  prominent; 
quality,  good  ;  shipping  quality,  good.  Blossom,  perfect ;  plant,  fairly 
vigorous;  foliage,  thick ;  runners,  fair;  rust,  none. 

Lyon. — Fruit:  long,  conic;  size,  large;  core,  slight;  external 
color,  dark  scarlet ;  color  of  flesh,  scarlet ;  flavor,  sweet;  season,  early 
to  medium;  calyx,  loose;  texture,  medium;  seeds,  prominent;  quality, 
good;  shipping  quality,  good.  Blossom,  thrifty,  im^jcrfect;  plant, 
vigorous;  runners,  numerous ;  rust,  slight. 

Very  productive,  medium-sized  bei'ries. 

M.  A.  C.  Seedling  24. — Fruit:  round,  conic;  size,  large  to  very 
large ;  core,  inclined  to  be  hollow ;  external  color,  crimson ;  color  of 
flesh,  light  crimson ;  flavor,  insipid;  season,  early  to  medium;  calyx, 
medium;  texture,  rather  soft ;  seeds,  brown,  imbedded  ;  quality,  fair ; 
shipping  quality,  fair.  Blossom,  not  very  vigorous,  perfect;  plant, 
only  fair  in  vigor;  foliage,  medium  large;  runners,  fair;  rust,  con- 
siderable. 

Inclined  to  be  soft  for  long  transportation,  but  otherwise  very  good. 

Margaret.  —  Fruit:  irregular,  conic ;  size,  large;  core,  slight;  ex- 
ternal color,  crimson ;  color  of  flesh,  pinkish ;  flavor,  sweet ;  season, 
early  to  medium;  calyx,  loose,  prominent;  texture,  very  firm;  seeds, 
prominent;  quality,  good ;  shipping  quality,  good.  Blossom,  perfect; 
plant,  fairly  vigorous;  foliage,  medium  green;  runners,  fair;  rust, 
slight: 

Not  very  productive,  but  occasionally  to  be  recommended. 

Marshall.  —Fruit:  irregular,  conic;  size,  large;  core,  slight;  ex- 
ternal color,  crimson ;  color  of  flesh,  crimson ;  flavor,  sweet ;  sea- 
son, medium;  calyx,  loose,  prominent;  texture,  firm;  seeds,  yellow, 
prominent;  quality,  standard;  shipping  quality,  good.  Blossom,  per- 
fect ;  foliage,  large,  dark,  heavy ;  rust,  slight. 

Not  productive,  but  fine  for  home  use ;  success  with  this  variety  de- 
pends mainly  on  selection  of  plants  and  favored  localities  and  on  high 
cultivation. 

3Ic  Far  land's  Seedling.  —  Fruit :  elongated  ;  size,  very  large  ;  core, 
slight ;  external  color,  dark  scarlet ;  color  of  flesh,  light  scarlet ;  flavor, 
rather  insipid;  season,  medium;  calyx,  large,  loose;  texture,  firm; 
seeds,  brownish,  imbedded ;  quality,  fair ;  shipping  quality,  fair. 
Blossom,  perfect;  plant,  vigorous;  foliage,  large,  dark;  runners, 
numerous ;   rust,  slight. 

Very  productive  and  promising,  where  large  fancy  fruit  is  desired. 
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McKinley. — Fruit:  irregular,  long,  flat;  size,  large  to  very  large  ; 
core,  slight;  external  color,  dark  scarlet;  color  of  flesh,  light  scarlet; 
flavor,  insiijid ;  season,  medium;  calyx,  loose,  large,  pi'ominent;  tex- 
ture, rather  soft;  seeds,  golden,  imbedded;  quality,  fair;  shipping 
quality,  fair.  Blossom,  perfect;  plant,  vigorous;  foliage,  vigorous; 
runners,  fair ;  rust,  slight. 

Greatest  fault  is  soft  fruit  and  uneven  ripening  ;  similar  to  Meggansett 
Dew  Drop. 

Mead's  Seedling.  —  Fruit:  round,  conic;  size,  medium  large  to 
large ;  core,  slight ;  external  color,  scarlet ;  color  of  flesh,  scarlet ; 
flavor,  sub-acid ;  season,  medium  ;  calyx,  medium,  loose ;  texture, 
medium;  seeds,  yellow;  quality,  fair;  shipping  qiiality,  fair  or  rather 
poor.  Blossom,  jierfeet ;  plant,  vigorous ;  foliage,  medium  dark ; 
runners,  numerous  ;  rust,  sliglit. 

Originated  by  II.  O.  Mead  of  Lunenliurg,  Mass.  Inclined  to  l)ecome 
soft  on  standing. 

Meg(/a7isett  Dew  Droj). — Fruit:  long,  irregular,  conical;  size,  large 
to  very  large ;  core,  slight ;  external  color,  scarlet ;  color  of  flesh, 
whitish;  flavor,  insipid;  season,  early  to  medium;  calyx,  loose;  tex- 
ture, medium  fine ;  seeds,  yellow,  imbedded ;  quality,  fair ;  shipping 
qviality,  fair.  Blossom,  perfect;  plant,  very  vigorous;  foliage,  dark; 
runners,  numerous;  rust,  none. 

General  tendency  to  color  unevenly,  and  rather  soft  for  shipjMng ; 
resembles  McKinlej-  somewhat;  productive. 

Morgan.  —  Fruit:  long,  flattish ;  size,  large  to  very  large;  core, 
slight ;  external  color,  scarlet ;  color  of  flesh,  liglit  scarlet ;  flavor, 
insipid;  season,  medium  early;  calyx,  large,  rather  loose;  texture, 
medium  firm  ;  seeds,  yellow,  prominent ;  quality,  fair ;  shipi)ing  qual- 
ity, fair.  Blossom,  perfect ;  plant,  vigorous  ;  foliage,  medium  dark ; 
runners,  numerous  ;  mist,  slight. 

Greatest  fault  is  general  tendency  to  color  unevenly ;  productive. 

Nettie. — Fruit:  long,  irregular,  conic;  size,  very  large;  core, 
slight ;  external  color,  scarlet ;  color  of  flesh,  scarlet ;  flavor,  acid ; 
season,  late ;  calyx,  loose,  large ;  texture,  firm ;  seeds,  yellow,  im- 
bedded ;  quality,  fair ;  shipping  quality,  fair.  Blossom,  imperfect ; 
plant,  vigorous;  foliage,  dark,  large;  runners,  fair;  rust,  slight. 

Appears  to  be  a  promising  late  variety,  where  size  and  appearance 
count ;  fancy. 

New  York. — Fruit:  long,  iiTcgular,  conic;  size,  large;  core,  me- 
dium; external  color,  scarlet;  color  of  flesh,  light  scarlet;  flavor,  in- 
sipid ;  calyx,  medium  loose  ;  texture,  medium  firm  ;  seeds,  imbedded  ; 
quality,  fair ;  shipping  quality,  fair.  Blossom,  perfect;  plant,  vigor- 
ous ;  foliage,  fair ;  rust,  slight. 

Inclined  to  be  too  light  colored,  otherwise  a  jjrochK'fne  fancy  berry. 

Nick  Ohrner.  —  Fruit :  roundish  ;  size,  large  ;  core,  slight ;  external 
color,  scarlet ;  color  of  flesh,  whitish  ;  flavor,  sweetish  ;  season,  medium  ; 
palyx,  medium,  rather  loose  ;  texture,  firm;   seeds,  imbedded  ;  ([uallty, 
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good;   shipping  (juality,  good.     Blossom,   perfect;   pl:int,  fairly  vigor- 
ous ;  foliage,  diseased ;  runners,  numerous ;  rust,  slight. 

Plant  deficient  in  vigor,  und  not  productive ;  some  \'ery  good  fruit, 
but  not  to  be  i-elied  upon. 

Pacijjc.  —  Fruit:  Inroad,  llattish,  conical ;  size,  medium  large  ;  core, 
slight ;  external  color,  crimson ;  color  of  flesb,  light  crimson ;  flavor, 
ac-id ;  calyx,  medium  loose ;  texture,  firm ;  seeds,  yellow,  imbedded ; 
(piality,  fair;  shipping  cpiality,  good.  Blossom,  imperfect;  plant,  vig- 
orous ;  foliage,  medium ;   runners,  numerous ;  rust,  slight. 

Productive,  and  a  good  early  berry. 

Paris  King.  —  Fruit:  long,  irregular,  conic;  size,  medium  large; 
core,  slight ;  external  color,  scarlet ;  color  of  flesh,  light  scarlet ;  flavor, 
rather  acid  ;  season,  earlj^ ;  calyx,  medium  loose  ;  texture,  firm  ;  seeds, 
yellow;  ([uality,  fair;  shipping  quality,  good.  Blossom,  perfect; 
plant,  fairly  vigorous;  foliage,  medium  green;  runnei'S,  numerous; 
rust,  slight. 

A  good,  productive,  early  berry. 

Farso?i''s  Beauty.  —  Fruit :  irregular,  conic  ;  size,  large  ;  core,  slight ; 
external  color,  crimson  ;  color  of  flesh,  crimson  ;  flavor,  acid  ;  season, 
early  to  medium ;  calyx,  medium  loose  ;  texture,  firm  ;  seeds,  yellow, 
imbedded ;  quality,  good  ;  shipping  quality,  good.  Blossoms,  numer- 
ous, perfect;  plant,  vigorous;  foliage,  dark,  medium  thick;  runners, 
very  numerous  ;  rust,  slight. 

Productive,  but  berries  not  uniform,  and  hence  not  very  attractive  in 
appearance. 

Penncll.  —  Fruit:  flattish,  irregular,  conic;  size,  large;  core,  hard; 
external  color,  crimson ;  color  of  flesh,  crimson ;  flavor,  acid ;  mid- 
season  ;  calyx,  loose  ;  texture,  firm ;  seeds,  very  i^rominent,  numerous ; 
quality,  rather  poor ;  shipping  quality,  good.  Blossom,  perfect ; 
plant,  fairly  vigorous ;  foliage,  fair;   runners,  numerous;  rust,  slight. 

Prominent  seeds  on  outside  give  imattractive  a^jpearance,  otherwise  a 
valuable  addition. 

Plymouth  Bock.  —  Fruit:  roundish;  size,  medium  large;  core, 
slight ;  external  color,  crimson ;  color  of  flesh,  light  crimson ;  flavor, 
sweet ;  season,  medium  ;  calyx,  loose ;  texture,  firm ;  seeds,  promi- 
nent ;  quality,  good ;  shipping  quality,  good.  Blossom,  vigorous ; 
plant,  fairly  vigorous ;  foliage,  fair;  runners,  fair;  rust,  slight. 

Fairly  productive,  but  fruit  not  uniform. 

Pocotnoke. — Fruit:  irregular,  conical;  size,  large  to  very  large; 
core,  medium ;  external  color,  crimson ;  color  of  flesh,  crimson  ;  flavor, 
acid;  mid-season;  calyx,  loose;  texture,  firm;  seeds,  yellow,  promi- 
nent; quality,  fair ;  shipping  cpiality,  good.  Blossom,  vigorous,  per- 
fect; plant,  has  good  vigor;  foliage,  medium  large;  runners,  fair; 
rust,  slight. 

Productive  and  promising ;  a  good  commercial  variety,  to  ha  recom- 
mended. 

Pomona.  —  Fruit:   round,  conic ;   size,  medium  large;   core,  slight; 
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external  color,  dark  scarlet;  color  of  flesh,  light  scarlet;  flavor, 
insiijid  ;  season,  early  to  medium ;  calyx,  medium  loose  ;  texture,  me- 
dium ;  seeds,  imbedded ;  quality,  fair ;  shipping  quality,  fair.  Blos- 
som, full,  perfect;  plant,  fairly  vigorous;  foliage,  fair;  runners, 
numerous ;  rust,  slight. 

Averages  favoral^ly  with  the  commercial  sorts. 

Porlo  Rico.  —  Fruit:  long,  conical,  small  neck;  size,  medium  large  ; 
core,  slight ;  external  color,  crimson ;  color  of  flesh,  light  crimson ; 
flavor,  sub-acid ;  season,  medium ;  calyx,  loose,  upturned ;  texture, 
Arm ;  seeds,  Ijrownish ;  quality,  good ;  shipping  (juality,  very  good. 
Blossoms,  medium  in  number,  imperfect ;  plant,  fairly  vigorous ; 
foliage,  fair  ;  runners,  average,  or  below  ;  rust,  slight. 

Parker  Earle  type ;   productive,  and  worthy  of  more  extended  trial. 

Premium. — Fruit:  conical;  size,  medium  large  ;  core,  slight ;  exter- 
nal color,  scarlet ;  color  of  flesh,  scarlet ;  flavor,  acid ;  season,  early  to 
medium;  calyx,  medium;  texture,  firm;  seeds,  imbedded;  quality, 
rather  jjoor;  shipping  quality,  good.  Blossom,  imperfect;  jjlant, 
fairly  vigorous ;  foliage,  medium  dark ;  runners,  numerous ;  rust, 
slight. 

Good  average  berry,  l)ut  inclined  to  run  small  by  mid-season. 

Pride  of  Cumberland.  —  Fruit:  round,  conic;  size,  medium  large; 
core,  slight;  external  color,  light  crimson ;  color  of  flesh,  light  crim- 
son ;  flavor,  sub-acid  ;  mid-season  ;  calyx,  medium  loose  ;  texture,  very 
firm  ;  seeds,  yellow,  jirotruding  ;  quality,  very  good  ;  shijjping  quality, 
very  good.  Blossoms,  medium  in  number,  perfect;  j^lant,  fairly  vig- 
orous;  foliage,  fair;  runners,  comijaratively  few;  rust,  slight. 

Not  A^ery  productive  on  our  soil,  but  otherwise  a  good  commercial 
berry. 

Putticwi's  Seedling  X.  —  Fruit:  round,  conic;  size,  large;  core,  me- 
diimi ;  external  color,  scarlet;  color  of  flesh,  scarlet;  flavor,  acid;  sea- 
son, late ;  calyx,  large ;  texture,  very  firm ;  seeds,  yellow,  slightly 
imbedded;  quality,  good;  shipjjing  quality,  A'ery  good.  Blossom, 
vigorous,  imperfect ;  plant,  has  good  vigor;  foliage,  medium;  runners, 
average ;  rust,  slight. 

Fine,  firm,  regular  late  berry. 

Pochcsier. — Fruit:  irregular,  conic;  size,  medium  large;  core, 
slight;  external  color,  crimson;  color  of  flesh,  crimson;  flavor,  sweet; 
season,  medium ;  calyx,  medium ;  texture,  firm ;  seeds,  yellow,  pro- 
truding ;  quality,  poor ;  shiijping  quality,  good.  Blossoms,  many,  per- 
fect; i)lant,  fairl}'  vigorous;  foliage,  medium;  runners,  numerous; 
rust,  sliglit. 

Not  to  be  recommended  for  commercial  planting,  from  its  behavior 
on  our  gromids. 

Roiujh  liidcr. — Fruit:  irregular;  size,  medium  large;  core,  liard; 
external  color,  crimson ;  color  of  flesh,  crimson  ;  flavor,  acid ;  mid- 
season ;  calyx,  rather  loose,  medium;  texture,  firm;  seeds,  yellow, 
imbedded ;    quality,  rather  poor ;    shipjjing  quality,  good.     Blossoms, 
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iiicdiiini  in  miiulxT,  iicrt'ccl  ;  plant,  poor  in  vii;(»r ;  foliage,  fair ;  run- 
ners, fair;  rust,  sliglit. 

Nothing  to  recommend  it,  according  to  its  Ix^havior  here. 

Sample. — Fruit:  round,  eonie,  regular;  size,  large;  core,  slight; 
external  color,  scarh^t;  color  of  flesh,  light  scarlet;  flavor,  sub-acid; 
mid-season;  calyx,  nicdiuiu  ;  texture,  medium ;  seeds,  brownisli  ;  qual- 
ity, fair;  shipping  (piality,  fair  to  good.  Blossom,  vigorous,  imperfect; 
i)lant,  has  jrood  viii'or;  folia<2:e,  medium  "-reen ;  runners,  numerous; 
rust,  sliglit. 

A  tine,  productive,  uniform  commercial  Ijcrr}-,  inclined  at  times  to 
be  a  little  soft;   still  the  most  reliable,  under  various  conditions. 

Sawijcfs  Seedling.  —  Fruit:  round,  conic;  size,  medium  large;  core, 
slight;  external  color,  scarlet;  color  of  flesh,  light  scarlet;  flavor,  sub- 
acid; season,  medium  to  late;  calyx,  medium;  texture,  firm;  seeds, 
yellow,  imbedded ;  quality,  fair ;  shipping  quality,  good.  Blossom, 
fairly  vigorous,  perfect;  plant,  very  good  in  vigor;  foliage,  large,  vig- 
orous ;  nmners,  average ;   rust,  slight. 

Satisfactory  on  our  grounds  ;   productive  and  valuable. 

Shn^^ter's  Gem. — Fruit:  round,  conic;  size,  large ;  core,  sliglit;  ex- 
ternal color,  crimson ;  color  of  flesh,  lightish ;  flavor,  sub-acid ;  mid- 
season  ;  calyx,  large ;  texture,  medium ;  seeds,  yellow,  protruding ; 
(|uality,  fair;  shipping  quality,  fair.  Blossom,  perfect;  plant,  has 
good  vio-or  ;  foliao-e,  medium  dai"k  ;   runners,  average  ;  rust,  slight. 

An  old  reliable  berry,  and  worthy  of  culture. 

Springdrde  Beauty. — Fruit:  irregular,  roundish;  size,  medium  to 
lai'ge  ;  core,  slight ;  external  color,  scarlet ;  color  of  flesh,  light  scarlet ; 
flavor,  sub-acid ;  season,  early  to  medium ;  calj'x,  loose ;  texture, 
medium;  seeds,  yellow,  slightly  imbedded;  quality,  fair;  shipping 
quality,  fair.  Blossom,  vigorous,  perfect ;  plant,  vigorous ;  foliage, 
medium  dark;  ininners,  average  in  number;  rust,  slight. 

A  good  general-purpose  berry. 

Uncle  Jim. — Fruit:  long,  conical;  size,  large  to  very  large  ;  core, 
slight ;  external  color,  dark  scarlet ;  color  of  flesh,  light  scarlet ;  flavor, 
rather  insipid ;  season,  medium;  calyx,  medium  loose;  texture,  firm; 
seeds,  yellow,  imbedded;  quality,  fair ;  shipping  quality,  fair.  Blos- 
som, perfect;  plant,  very  good  in  vigor;  foliage,  resembles  Marshall; 
runners,  numerous  ;  rust,  none. 

Sets  moderate  amount  of  fruit,  and  matures  it ;  one  of  tlie  most 
promising  newly  introduced  varieties  ;  fanc}^ 

Uncle  Sam.  —  Fruit:  round,  conic;  size,  large;  core,  slight;  exter- 
nal color,  scarlet ;  color  of  flesh,  light  scarlet ;  flavor,  insipid  ;  season, 
medium  late ;  cal3^x,  large,  loose ;  texture,  firm ;  seeds,  brown,  im- 
bedded ;  quality,  fair ;  shipping  quality,  good.  Blossom,  perfect,  and 
good  pollenizer ;  plant,  vigorous ;  foliage,  dark ;  runners,  compara- 
tively few ;  rust,  slight. 

Stocks  up  well  in  liill  system,  but  i*ather  light  color  for  a  market 
berry,  and  only  moderatelv  pi'oductive. 
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CtdtKfid  J/e/hods. 

The  department  has  constantly  experimented  with  methods 
of  eultivation  ;  and,  since  this  worli  has  covered  many  years 
and  a  diversity  of  soils,  some  general  remarks  on  the  man- 
agement of  strawberry  plantations  may  appear  to  be  in  place. 
AVhile  the  cultural  methods  of  growing  the  strawberry  vary 
widely,  and  each  system  has  its  special  devotees,  nearly  all 
methods  have  merits  and  demerits  worth  considering. 

Shall  the  strawberry  })lant  ])e  allowed  to  fruit  one  or  two 
years?  Nearly  all  the  best  growers  now  practise  the  former 
method.  B}^  this  quick  rotation  fungous  and  insect  pests 
are  avoided  to  a  greater  extent,  and  the  fruit  is  generally 
considered  enough  better  to  warrant  the  extra  labor  and 
expense. 

Shall  the  plants  be  set  in  the  early  spring,  or  in  autumn? 
Generally  speaking,  our  experience  has  shown  that  spring 
setting  is  best,  as  the  root  system  gets  a  better  chance  to 
develop,  and  the  crown  to  store  u\)  nutriment  for  fruit  bear- 
ing tlie  following  year.  However,  in  special  cases  good 
results  arc  obtained  by  selecting  vigorous  plants  in  Jul}^  and 
August,  setting  in  beds  close  together,  and  allowing  no  run- 
ners to  form. 

There  are  four  general  systems,  modified  more  or  less  to 
suit  special  conditions  ;  these  are  connnonly  practised  with 
spring  setting :  the  hill  system,  hedge-row  system,  narrow 
matted  row  and  wide  matted  row  S3^stems. 

The  hill  system  is  more  generally  advocated  by  amateur 
than  commercial  growers.  Tlie  plants  should  be  set  out 
about  two  and  on(^-half  by  two  feet,  and  no  runners  allowed 
to  form.  Ever}'thing  that  will  aid  the  crown  to  increase  in 
size  and  strength  should  be  provided.  Tlie  larger  and  more 
vigorous  the  crowns,  the  greater  the  results  ;  the  strength  of 
the  plants  goes  to  building  up  a  fruit-iiroducing  organism 
alone.  Another  great  advantage  is  the  exposure  to  air  and 
sunlight  on  all  sides,  and  the  conse(|ueiit  production  of  bet- 
ter-colored, better-flavored  and  firmer  friut,  worthy  of  a 
fancy  price. 

Tlie  hed(je-row  system  is  a  nioditication  of  the  hill  system 
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in  many  respects.  The  plants  should  be  set  out  about  the 
same  distance  apart,  or  possil)ly  in  rows  three  feet  apart. 
The  first  vigorous  runners  are  then  trained  in  a  line  with  the 
parent  plants,  but  not  detached  from  them.  When  this  line 
is  filled  out  so  as  to  make  one  continuous  row,  with  plants 
about  four  or  five  inches  apart,  no  more  runners  should  be 
allowed  to  form.  This  system  possesses  nearly  all  the  ad- 
vantages of  the  former,  and  besides  gives  larger  yields. 
Some  varieties,  like  Clyde,  which  are  naturally  light-colored 
and  rather  soft,  gave  surprisingly  better  results  as  regards 
color  and  firmness  the  past  season  when  grown  in  this  way. 
The  mass  of  fruit  on  one  side  of  the  rows,  fully  exposed  to 
the  au"  and  sun,  was  a  sight  worth  seeing. 

The  wide  matted  row  and  narrow  matted  row  are  really  a 
modification  of  one  system.  By  this  plan  the  plants  are 
set  some  tlu'ee  and  one-half  or  four  feet  wide  by  one  and 
one-half  feet  in  the  rows.  No  runners  are  allowed  to  otow 
until  the  parent  plant  has  become  well  established,  and  then 
all  or  a  limited  number  of  runners,  according  to  the  wide  or 
narrow  row  system,  are  allowed  to  root.  The  general  ten- 
dency of  this  system  is  to  grow  vines  at  the  expense  of  the 
fruit.  Large  yields  are  sometimes  obtained,  but  generally 
of  smaller  and  poorer  fruit. 

Whatever  the  S3^stem  adopted,  or  the  character  of  the  soil 
on  which  the  plants  are  grown ,  it  is  of  the  utmost  importance 
to  start  with  plants  of  unimpaired  vigor,  and  keep  them 
thus.  Feed  liberally,  and  spray  with  Bordeaux  mixture 
occasionally.  Cultivate  frequently.  Experiment,  and  study 
the  varieties  and  adaptation  to  soil. 

MARitETiNG  Apples  in  Boxes. 

A  feeling  has  been  steadily  gaining  ground  among  the 
growers  of  good  apples  that  some  package  smaller  and  neater 
than  the  common  barrel  should  be  used  in  marketing-  the 
fruit.  It  seems  unnecessary  to  here  review  all  the  consid- 
erations which  have  influenced  fruit  growers  in  coming  to 
this  conclusion.  There  are  many  things  to  be  said  in  favor 
of  smaller  packages.  There  are  also  some  few  objections  and 
many  qualifications  to  be  made.     The  movement  toward  the 
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use  of  boxes  has  been  emphasized  during  the  shipping  season 
of  1903  by  the  great  scarcity  and  unreasonably  high  price 
of  barrels.  Inquiries  regarding  the  use  of  boxes  have  ac- 
cordingly been  frequent ;  and  on  this  account  it  has  been 
thought  that  a  brief  note  of  our  experience  in  the  depart- 
ment of  horticulture  would  prove  of  general  interest. 

Bushel  boxes  of  two  common  patterns  have  been  used  dur- 
ing the  two  shipping  seasons  of  1902  and  1903,  though  not 
in  large  numbers.  Both  early  apples  and  winter  varieties 
were  shipped  in  these  packages.  In  every  case  the  results 
were  gratifying.  The  apples  always  brought  as  much  money, 
or  more,  than  the  same  quantity  of  fruit  in  barrels  ;  in  fact, 
the  cash  returns  were  nearly  always  greater,  and  sometimes 
surprisingly  so.  In  one  instance,  in  1902,  Gravensteins 
were  shipped  both  in  barrels  and  in  bushel  boxes  on  the 
same  day  and  to  the  same  dealer,  the  fruit  being  from  the 
same  trees,  and  graded  precisely  the  same  tliroughout ; 
the  apples  in  boxes,  however,  were  ^vrapped  in  papers.  In 
this  instance  the  barrels  sold  at  $2  each,  and  the  boxes  at 
the  same  price.  Since  the  boxes  hold  very  nearly  one-third 
of  a  barrel,  the  price  was  approximately  three  times  as  much 
for  the  fruit  in  boxes. 

This  case,  however,  is  extreme ;  no  such  greath^  dispro- 
portionate price  was  secured  in  any  other  instance  for  box 
apples.  Still,  every  shipment  of  apples  in  boxes  showed  a 
fair  margin  in  favor  of  the  package,  and  several  times  the 
difference  was  a  handsome  one. 

According  to  our  experience,  it  seems  that  the  bushel  box 
is  especially  advantageous  for  early  apples,  —  say  up  to  the 
end  of  the  Gravenstein  season.  Fancy  grades  of  all  varieties, 
however,  may  be  expected  to  show  good  results  in  boxes. 
Sutton  Beauty,  shipped  as  late  as  Christmas  time,  realized 
high  prices. 

Our  experience  also  favors  the  use  of  wrapping  papers  on 
fancy  apples,  more  especially  on  highly  colored  and  on  soft- 
fleshed  early  varieties.  These  papers  are  best  bought  ready 
cut  for  the  purpose,  and  are  supplied  by  various  dealers. 

There  are  several  forms  of  boxes  in  use.  Those  which  we 
have  specially  examined  are  as  follows  :  — 
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The  vegetable  box  in  use  tlirouiihoiit  the  State  for  pota- 
toes, beets  and  similar  garden  truck  has  been  considerably 
tested  for  apples.  We  have  used  it  ourselves  to  some  extent, 
but  do  not  consider  it  suitable.  This  box  is  18  inches 
s(]uare  and  8  inches  deep,  thus  having  a  capacity  of  2,592 
cubic  inches,  or  considerably  more  than  a  standard  bushel 
(United  States  standard  bushel  contains  2,150.42  cubic 
inches).  The  ends  of  this  box  are  of  |-incli  lumber,  and 
the  sides,  top  and  bottom  of  J-inch  stuff. 

The  box  most  used  and  recommended  by  large  apple  ship- 
pers is  represented  in  our  collection  by  samples  bought  from 
a  New  York  manufacturer.  This  is  the  box  which  we  have 
chiefly  used,  and  which  we  prefer.  The  inside  dimensions 
are  10  by  11  by  20  inches,  thus  giving  a  capacity  of  2,200 
cubic  inches,  — very  nearly  the  exact  measure  of  the  stand- 
ard bushel.  It  weighs  a  trifle  over  50  pounds,  filled.  The 
ends  are  of  |-inch  stufi",  and  the  sides,  top  and  bottom  of  |- 
inch  stuft".  It  will  be  seen  that  the  sides,  top  and  bottom 
are  very  light,  thus  allowing  a  considerable  spring.  There 
is  a  difterence  of  opinion  among  shippers  as  to  whether  this 
elasticity  is  desirable,  or  objectionable.  Some  favor  it 
strongl}?^ ;  others  insist  that  a  perfectly  rigid  box  is  better. 
Our  own  opinion  is  that  the  rigid  box  is  better  for  long  ship- 
ments, as,  for  example,  to  Europe;  but  that  the  box  with 
plenty  of  spring  is  better  for  near-by  markets. 

Another  box,  having  exactly  the  same  interior  dimensions, 
is  manufiictured  in  Wisconsin,  and  is  represented  in  our  col- 
lection by  a  sample.  We  have  not  used  this  box,  but  are 
pleased  with  its  appearance.  It  is  better  made  and  more  at- 
tractive than  the  New  York  box,  just  described.  The  ends 
are  of  |-inch  stuff,  the  top  and  bottom  are  of  |-inch  stuff, 
and  on  the  sides  at  each  corner  is  a  strip  of  |-inch  lumber, 
about  2|  inches  wide.  This  holds  in  place  a  sheet  of  thin 
veneer,  which  forms  the  principal  portion  of  the  side.  The 
box  is  lio;ht  and  strono-,  as  well  as  o-ood  lookino;. 

These  boxes  can  all  be  bought  in  the  knock-down,  and 
made  up  at  home.     The  price  is  about  $15  per  hundred. 

Another  box,  used  in  Ontario,  Can.,  is  very  well  made 
and  attractive,  but  too  expensive  for  the  domestic  trade.     It 
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measures  10^  by  11|^  by  22  inches  inside,  giving  a  capacity 
of  2,(i5H|  cubic  inches,  or  considerably  over  a  bushel, — in 
fact,  more  nearly  five  pecks.  This  box  is  made  with  ends  of 
1-inch  lumber,  sides,  top  and  bottom  of  |-inch  wood,  the 
whole  being  firmly  dovetailed  at  the  corners.  It  forms  a 
fine  package  for  the  foreign  trade,  though  it  is  larger  and 
more  expensive  than  necessary. 

We  would  not  recommend  any  one  to  undertake  the  use 
of  the  bushel  box  for  apples  on  a  large  scale  without  consid- 
erable preliminary  experiment ;  but  we  consider  it  well  worth 
trying.  We  shall  be  glad  to  answer  any  inquiries  on  this 
subject,  so  far  as  our  experience  and  information  allow. 

Notes  on  Quinces. 

One  of  the  most  profitable  crops  during  the  last  two  years 
on  the  farm  of  the  horticultural  department  has  been  fur- 
nished by  the  quince  orchard.  This  consists  of  about  250 
trees,  of  all  sizes,  ages  and  varieties.  The  larger  })art  of 
them  are  growing  on  a  springy  slope  at  the  base  of  a  hill. 
The  soil  is  good,  rich  alluvium,  excellent  for  garden  crops 
when  dry  enough.  The  particular  spot  where  these  trees 
stand  has  been  partially  drained  by  tile  some  time  ago,  but 
these  drains  have  now  become  so  much  cloijged  that  the  land 
is  quite  wet  during  a  considerable  part  of  the  year. 

Under  these  conditions  the  plantation  gave  an  abundant 
crop  of  very  fine  fruit  in  1902,  and  a  very  fair  crop  of  nearlj'^ 
as  good  quality  in  1903.  These  were  sold  mostly  at  whole- 
sale, —  that  is,  to  market  men  and  dealers,  or  through  com- 
mission men  in  Boston,  Worcester  and  Springfield. 

In  1902  the  No.  1  fruit,  which  constituted  by  far  the  bulk 
of  the  crop,  sold  for  $2  a  bushel.  In  most  cases  this  price 
was  received  for  the  fruit  f.  o.  h.  at  Amherst,  though  that 
shipped  on  commission  to  the  three  cities  named  sold  for  $2 
in  those  markets,  and  charges  had  to  be  deducted.  The 
No.  2  fruit  sold  for  75  cents,  $1,  $1.25  and  $1.50  a  bushel, 
averaging  about  $1.25. 

In  1903  quinces  were  very  scarce,  but  at  the  same  time 
the  crop  on  the  trees  was  not  so  large  nor  of  quite  such  good 
quality.     The  No.  1  fruit  brouglit  $2  and  $2.25  (mostly  the 
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lattor  figurci),  not.     The  No.  2  fruit  brought  various  prices, 
averaging-  about  $1.25. 

In  both  years  the  profit  from  the  trees  was  considered  very 
satisfactory.  The  good  prices  secured  were  attributed  largely 
to  the  method  of  marketing  the  fruit.  In  the  first  place,  it 
was  well  ripened  ;  the  fruit  was  allowed  to  remain  on  the 
trees  until  it  had  attained  a  bright,  rich  color.  In  the  sec- 
ond place,  it  was  very  rigidly  graded,  only  prime  specimens 
being  put  into  the  first  grade.  Next,  each  specimen  was 
carefully  wrapped  in  clean  fruit  paper,  specially  cut  for  the 
purpose.  These  fruits  Avere  then  packed  in  fresh,  clean, 
attractive  bushel  boxes.  A  few  were  sold,  some  wrapped 
and  some  unwrapped,  in  16-quart  peach  baskets,  but  the 
box  was  thought  to  be  much  the  better  package. 

The  use  of  the  bushel  box,  or  some  similar  small  package, 
and  the  wrapping,  are  thought  to  be  essential  points  in  mar- 
keting fancy  (juinces,  except  when  the  fruit  is  delivered 
direct  to  the  consumer.  Quinces  bruise  very  easily,  and 
even  the  slightest  bruise  on  a  ripe  quince  quickly  becomes 
discolored,  and  the  fruit  presents  a  highly  unattractive 
appearance.  Quinces  packed  in  barrels  and  shipped  some 
distance  to  market  come  out  with  nearly  every  specmien 
bruised ;  but  the  wrapping  and  the  small  package  both  pre- 
vent such  injury. 

The  small  package  is  desirable  on  another  account,  namely, 
because  very  few  customers  care  for  more  than  a  bushel  of 
quinces  at  a  time ;  even  market  men  with  a  very  fair  trade 
prefer  to  buy  in  bushel  lots. 

The  character  of  the  soil  on  which  the  college  quince  trees 
grow  has  been  mentioned.  Wet  clay  land  is  frequently 
recommended  for  quinces,  but  the  trees  do  better  on  well- 
drained  soil.  Even  fairly  light  loam  will  sometimes  support 
thrifty  trees  for  some  years,  though  the  ideal  soil  is  moder- 
ately heavy  clay.  Light  and  sandy  soils  give  small  prospect 
of  success. 

The  quince  tree  grows  slowly,  and  does  not  require  rigor- 
ous pruning.  If  only  reasonable  and  seasonable  attention  is 
given  to  keep  the  head  open  and  well  balanced,  nature  will 
do  the  rest. 
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No  diseases  or  insects  of  any  consequence  have  troubled 
us.  The  trees  have  been  sprayed  with  Bordeaux  mixture, 
and  this  has  probably  helped  to  hold  in  check  the  scab,  a 
funo-ous  disease  which  attacks  the  leaves  and  fruit  to  some 
extent  nearly  every  year,  but  which,  with  us,  does  not 
assume  serious  proportions. 

The  principal  varieties  grown  are  Orange,  Champion  and 
Rea  (Rea's  Mammoth).  All  succeed  perfectly,  and  we  have 
found  them  all  equally  acceptable  in  the  market. 


INDEX. 


PAGE 

Agriculturists,  report  of 110-153 

Ammonia,  sulfate  of,  relative  value  as  source  of  nitrogen,        ....      114 

Apples,  boxes  for  marketing, 167-170 

Ashes,  wood,  yield  of  hay  on, 144 

Barnyard  manure,  yield  of  hay  on, 144 

Beets,  comparison  of  nitrogen  fertilizers  for, 127 

Bone  and  potash,  yield  of  hay  on, 144 

Botanists,  report  of, 9-36 

Bulletins  still  in  stock, 3,  4 

Cabbages,  acid  phosphates  for, 136 

Apatite  for, 137 

Closely  dependent  upon  phosphates, 138 

Comparison  of  phosphates  for, 136 

Dissolved  bone  meal  for 137 

Phosphatic  slag  for, 137 

Raw  bone  meal  for, 137 

Relative  value  of  phosphates  for, 112 

Soft  Florida  rock  for, 137 

South  Carolina  rock  for, 137 

Steamed  bone  meal  for, 137 

Celery,  nitrogen  fertilizers  for,  compared 128 

Chemists,  reports  of,  division  of  foods  and  feeding, 37-86 

Division  of  fertilizers, 87-104 

Clover,  potash  salts  for,  compared, 132 

Yields  on  different  potash  salts, 133 

Corn,  compared  with  wheat  for  egg  production, 150 

Soil  tests  with 113, 139 

Yield  on  fertilizers  in  soil  test 140 

Cucumbers,  nitrogen  fertilizers  for,  compared, 127 

Dairy  and  feeding  experiments,  effect  of  feed  on  composition  of  butter  fat,    .  45-62 

Effect  of  feed  on  consistency  of  body  of  butter, 45-62 

Calves,  raising  without  milk, 80-86 

Dandelions,  nitrogen  fertilizers  for,  compared, 126 

Digestion  experiments  with  sheep 63-79 

Dried  blood,  relative  value  of,  as  source  of  nitrogen, 114 

Compared  with  nitrate  of  soda  and  sulfate  of  ammonia,    .        .        .  123 

Entomologists,  report  of, (^  105-10^ 

Eggs,  excessive  fiber  in  food  unfavorable  for  production  of,      .        .        .        : — KJ?" 

Experiments  in  feeding  for 150 

Fat  important  for  production  of, •      152 

Rice  compared  with  wheat  for  production  of, 151 

Electricity,  affects  protoplasm, 28 

EfiFects  on  germination  of  seeds, 33 

Effects  on  plant  growth, 34-36 

Experiments  with  lettuce,      ..........  22-26 

Experiments  with  radishes, 16-22 

Influence  of  atmospheric  potential  on  plants, 31-36 


174  INDEX. 


PAGE 

Electricity,  influence  of,  on  plant  growth, 13-30 

Fertilizer,  city  garbage  products, 103 

Garden  crops, 122 

Lime  ashes, 101 

Peruvian  guano, 102 

Sugar-beet  refuse, 103 

Wood  ashes 100 

Fescue  for  mowings, 146 

Field  crops,  comparison  of  potash  salts  for,        .        .        .        .  .        .132 

Garden  crops,  fertilizers  for, 122 

Kinds  grown  in  experiment, 123 

Sulfate  and  muriate  of  potash  for,  compared, 129 

Grass  and  clover  mixture,  soil  test  with 141 

Yield  on  fertilizers, 142 

Grass  lands,  comparison  of  manures  for, 113 

Experiment  in  manuring, 143 

Grass,  soil  tests  with, 113 

Hay,  comparison  of  seed  mixtures  for, 145 

Fescue  mixture  for, -        .        .        .        .  146 

Timothy  mixture  for, 146 

Yield  of,  on  different  manures  and  fertilizers, 144 

Yield  on  newly  seeded, 145 

Helminthosporium  inconspicuum, 10 

Horticulturists,  report  of, 151-172 

Kainit,  yield  of  clover  on, 134 

Lime,  essential  for  clover, 143 

Essential  for  timothy, 143 

Need  of,  in  nitrogen  experiment, 117 

Need  of,  indicated  by  red-top  in  mowings 143 

Manure,  experiment  in  application 147 

Methods  of  application, 113 

Relative  value  of,  as  source  of  nitrogen, 114 

Meteorologist,  report  of 7,  8 

Milk  albumin  for  laying  hens, 151 

Nitrogen  fertilizers,  average  yield  of  soy  beans  on, 117 

Relative  rank  of, 117 

Relative  standing  of, 129 

Relative  yields  on, 124 

Yields  per  acre  for  garden  crops, 125 

Nitrogen,  relative  value  of,  in  barnyard  manure, Ill 

In  nitrate  of  soda Ill 

In  sulfate  of  ammonia, Ill 

In  dried  blood, Ill 

Nitrate  of  soda,  controlling  element  for  production  of  grass,     ....  143 

Desirable  source  of  nitrogen, 118 

Relative  value  as  source  of  nitrogen, 114 

Peas,  garden  nitrogen  fertilizers  for,  compared, 126 

Phosphates,  relative  value  of, 135 

Relative  value  of,  for  cabbage, 112 

Phyllosticta  sph;T3ropsoidea, 10 

Potash  and  bone,  yield  of  hay  on, 144 

Potash  carbonate,  yield  of  clover  on,  .        .        . 134 

High-grade  sulfate  of,  yield  of  clover  on 134 

Low-grade  sulfate  of,  yield  of  clover  on 134 

Muriate  of,  yield  of  clover  on, 134 

Nitrate  of,  yield  of  clover  on,        .        ,        , 134 


INDEX.  175 


PAGE 

Potash  carbonate,  relative  value  of  muriate  and  high-grade  sulfate,         .        .      119 

Silicate  of,  yield  of  clover  on, 134 

Sulfate  ('.  muriate  of,  for  potatoes, 121 

Sulfate  V.  muriate  of,  for  garden  crops, 130 

Sulfate  V.  muriate  of,  for  soy  beans, 120 

Potash  salts,  comparison  of,  for  field  crops 132 

Relative  value  of,  for  field  crops, 112 

Potatoes,  effect  of  sulfate  of  potash  on,  for  quality, 122 

Sulfate  V.  muriate  of  potash  for, 121 

Poultry,  best  rations  for  eggs, 113 

Experiments  on, 150-153 

Quinces,  notes  on, 170-172 

Raspberry  cane  blight, 10 

Soil  tests,  fertilizers  used  in, 138,  139 

With  mixed  grass  and  clover, 141 

Soy  bean,  nitrogen  experiment 116 

Sulfate  V.  muriate  of  potash  for, 120 

Unfavorable  effect  of  nitrate  of  soda  on, 115 

Yield,  different  methods  of  applying  manure 148 

Strawberries,  cultural  methods, 166,  167 

Nitrogen  fertilizers  for,  compared, 126 

Varieties  of, 156-165 

Turnips,  nitrogen  fertilizers  for,  compared, 128 

Tennessee  phosphates  for  cabbages, 136 

Timothy  mixtures  for  mowings 146 

Tomatoes,  nitrogen  fertilizers  for,  compared, 127 

Treasurer,  report  of, 5,  6 

Vermicularia  tricella, 10 

Wheat,  compared  with  corn  for  egg  production, 150 

Compare^d  with  rice  for  egg  production, 151 

V.  corn  with  milk  albumin  for  egg  production, 151 

Winter-killing, 11 


PUBLIC   DOCUMENT  . 


No.  33. 


SEVENTEENTH  ANNUAL  REPORT 


Hatch  Experiment  Station 


Massachusetts  Agricultueal  College. 


Jai^uaey,    1905. 


BOSTON : 

WRIGHT  &*  POTTER  PRINTING  CO.,  STATE  PRINTERS, 
18  Post  Ofkice  Squar^:. 
1905.  1 


PUBLIC   DOCUxMENT  .   . 


.  Xo.  38. 


SEVENTEENTH  ANNUAL   UEPOllT 


Hatch  Experiment  Station 


Massachusetts  Agricultural  College. 


Januaky,    1905 


BOSTON : 

AVRIGHT    &   POTTER   PRINTING    CO.,    STATE    PRINTERS, 

18  Post  Office  Square. 

1905. 


Approved  by 
The  State  Boakd  of  Publication. 


HATCH  EXPERIMENT  STATION 


MASSACHUSETTS  AGRICULTURAL  COLLEGE, 


AMHERST,  MASS. 


Henry  H.  Goodell,  LL.D., 
William  P.  Brooks,  Ph.D., 
George  E.  Stone,  Ph.D.,  . 
Charles  A.  Goessmann,  Ph.D 
Joseph  B.  Lindsev,  Ph.D., 
Charles  H.  Fernald,  Ph.D., 
Frank  A.  Waugh,  M.S., 
J.  E.  Ostrander,  C.E., 
Henrv  T.  Fernald,  Ph.D., 
Frederick  R.  Church,  B.Sc, 
Neil  F.  Monahan,  B.Sc,    . 
Henri  D.  Raskins,  B.Sc,  . 
Edward  G.  Proulx,  B.Sc, 
Edward  B.  Holland,  M.S., 
Philip  H.  Smith,  B.Sc, 
Erwin  S.  Fulton,  B.Sc,     . 
Albert  Parsons,  B.Sc,     . 
Sumner  R.  Parker,  B.Sc, 
Joseph  G.  Cook,  B.Sc, 
George  O.  Greene,  M.S.,  . 
George  W.  Patch, 


OPPICBKS. 

.    Director. 


LL.D., 


V 


Agriculturist. 

Botanist. 

Chemist  (fertilizers). 

Chemist  (foods  and  feeding). 

Entomologist.  i^<^ 

Horticulturist. 

Meteorologist. 

Associate  Entomologist. 

Assistant  Agriculturist. 

Assistant  Botanist. 

First  Assistant  Chemist  (fertilizers). 

Second  Assistant  Chemist  (fertilizers). 

First  Chemist  (foods  and  feeding). 

Assistant  Chemist  (foods  and  feeding). 

Assistant  Chemist  (foods  and  feeding). 

Inspector  (foods  and  feeding). 

Dairy  Tester  (foods  and  feeding). 

Assistant  in  Foods  and  Feeding. 

Assistant  Horticulturist. 

Observer. 


The  co-operation  and  assistance  of  farmers,  fruit-growers, 
horticulturists  and  all  interested,  directly  or  indirectly,  in 
agriculture,  are  earnestly  requested.  Connnunications  may 
be  addressed  to  the  "Hatch  Experiment  Station,  Amherst, 
Mass." 

The  following  bulletins  and  reports  are  still  in  stock,  and 
can  be  furnished  on  demand  :  — 


No.    27. 


No. 

.3.3. 

No. 

85. 

No. 

41. 

No. 

57. 

No. 

r.4. 

Tuberculosis  in  college  herd;   tuberculin  in   diag- 
nosis ;  bovine  rabies ;  poisoning  by  nitrate  of  soda. 
Glossary  of  fodder  terms. 
Agricultural  value  of  bone  meal. 
On  the  use  of  tuberculin  (translated  from  Dr.  Bang). 
Fertilizer  analyses. 
Analyses  of  concentrated  feed  stuffs. 


No. 

67, 

No. 

68, 

No. 

75, 

No. 

76, 

No. 

77, 

No. 

79, 

No. 

81, 

HATCH   EXPERIMENT    STATION.  [Jan. 

Grass  thrips;  treatment  for  tlirips  in  greenhouses. 
Fertilizer  analyses. 
Fertilizer  analyses. 
The  imported  elm-leaf  beetle. 
Fertilizer  analyses. 
Growing  China  asters. 

Fertilizer  analyses;    treatment  of  barnyard  manure 
with  absorbents;  trade  values  of  fertilizing  ingre- 
dients. 
No.    82.     Orchard    management;    cover    crops   in    orchards; 
pruning  of  orchards;  report  on  fruits. 
Fertilizer  analyses. 
Fertilizer  analyses. 

Orchard  treatment  for  the  San  Jose  scale. 
Cucumbers  under  glass. 

Fertilizer  analyses ;  ash  analyses  of  plants ;  instruc- 
tions regarding  sampling  of  materials  to  be  for- 
warded for  analysis. 
Fertilizer  analyses. 

Injuries  to  shade  trees  from  electricity. 
Fertilizer  analyses. 
Concentrated  feeds. 
Fertilizer  analyses ;  notes  on  barnyard  manure ;  trade 

values  of  fertilizing  ingredients. 
Fungicides;  insecticides;  spraying  calendar. 
A  farm  wood  lot. 
Insjiection  of  concentrates. 

Dried  molasses  beet  pulp;  the  nutrition  of  horses. 
Fertilizer  analyses;  market  values  of  fertilizing  in- 
gredients. 
Inspection  of  concentrates. 
Special  bulletin,  —  The  coccid  genera  Chionaspis  and  Hemichi- 

onaspis. 
Technical  bulletin,  No.  1,  —  Greenhouse  Aleyrodes;  strawberry 

Aleyrodes. 
Technical  bulletin,  No.  2, — The  graft  union. 
Index,  1888-95. 

Annual  reports  for  1897,  1898,  1899,  1900,  1901,  1902,  1903, 
1901. 

Of  the  other  bulk>tin,s,  a  few  copies  remain,  which  can  be 
supplied  only  to  complete  sets  for  libraries. 


No. 

83. 

No. 

81. 

No. 

86. 

No. 

87. 

No. 

89. 

No. 

90. 

No. 

91. 

No. 

92. 

No. 

93. 

No. 

95. 

No. 

96. 

No. 

97. 

No. 

98. 

No. 

99. 

No. 

100. 

No. 

101. 

1  ;»()•).] 


PUBLIC   DOCUMENT  — No.    88. 


ANNUAL   REPORT 

Ok  George  F.  Mills,  Treasurer  of  the  Hatch  Experiment  Station 
OF  Massachusetts  Agricultural  College, 

For  the  Year  ending  June  30,  1904. 


Cash  received  from  United  States  Treasurer,    . 

Cash  paid  for  salaries,  .         .         .         .     $G,012  05 

for  labor, 3,070  03 

for  publications,  ....  1,017  89 

for  postage  and  stationery,   .         .  297  42 

for  freight  and  express,         .         .  116  30 

for  lieat,  light,  water  and  power,  477  95 

for  chemical  supplies,  .         .         .  25  40 

for  seeds,  plants  and  sundry  supplies,  408  19 

for  fertilizers,       ....  1,331  20 

for  feeding  stuffs,         ...         .  401  28 

for  library,           .         .         .         .  31  70 
for  tools,  implements  and  machinery,       221  33 

for  furniture  and  fixtures,     .         .  509  31 

for  scientific  apparatus,         .         .  318  21 

for  live  stock,       .         .         .         .  313  50 

for  travelling  expenses,        .         .  137  02 

for  contingent  expenses,       .         .  10  00 

for  building  and  repairs,       .         .  301  22 


Cash  received  from  State  Treasurer, 
from  fertilizer  fees, 
from  farm  products, 
from  miscellaneous  sources. 

Balance  June  30,  1903, 


$13,000  00 
4,204  68 
2,714  79 
3,606  92 
3,198  56 


$15,000  00 


$15,000  00 


$26,724  85 


Cash  paid  for  salaries, 
for  labor,     . 


13,134  20 
1,985  23 


Amotint  carried  fonrcird. 


L5,119  43 
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Aiaounl  brinnjld  forward,        .         .  .  $15,119  43 

Cash  paid  for  publications,  .... 

for  postage  and  stationery,   . 

for  freight  and  express, 

for  heat,  liglit,  water  and  power, 

for  cl>emical  supplies,  . 

for  seeds,  plants  and  sundry  supplies, 

for  fertilizers, 

for  feeding  stuffs, 

for  library,  .... 

for  tools,  implements  and  machinery, 

for  furnitvire  and  fixtures,     . 

for  scientific  apparatus, 

for  live  stock, 

for  travelling  expenses. 

for  l)uildings  and  repairs, 
Balance,       ...... 


I,  Charles  A.  Gleason,  duly  appointed  auditor  of  the  corporation,  do  hereby 
certify  that  I  have  examined  the  accounts  of  tlie  Hatch  Experiment  Station  of 
the  Massachusetts  Agricultui'al  College  for  the  fiscal  year  ended  Jime  30,  1904; 
that  I  have  found  the  same  well  kept  and  classified  as  above;  that  the  receipts 
for  the  year  from  the  Treasurer  of  the  United  States  are  shown  to  have  been 
.'r!15,000,  and  the  cori'espondmg  disbursements  $15,000;  for  all  of  which  proper 
vouchers  are  on  file  and  have  been  by  me  examined  and  found  correct,  thus  leav- 
ing no  balance  of  the  $15,000 ;  and  that  $3,383.55  are  left  of  the  State  approin-ia- 
tiou  and  of  funds  received  from  miscellaneous  sources. 

CHARLES  A.  GLEASON, 

Auditor. 
Amherst,  Aug.  15,  1904. 
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REPOKT   OF   THE   BOTAIS^IST. 


G.    E.    STONE,    N.    F.    MONAHAN,    ASSISTANT. 


With  the  exception  of  a  continual  increase  in  our  corre- 
spondence, the  same  routine  has  been  pursued  as  in  previous 
years.  Experiments  have  been  carried  on  in  the  greenhouse 
as  usual  on  problems  connected  with  roses,  carnations,  to- 
matoes, melons  and  violets.  There  are  obscure  diseases 
connected  with  these  crops,  whicli  are  in  need  of  further 
study  in  order  to  throw  more  light  on  some  practical  methods 
of  controlling  or  eliminating  them. 

Work  has  been  continued  on  the  eflects  of  illuminating 
gas  on  trees,  —  a  subject  which  is  becoming  important  to 
communities.  This  matter  is  receiving  attention  in  various 
States,  on  account  of  the  not  infrequent  destruction  of 
aveiuies  of  valuable  shade  trees.  Experiments  of  various 
kinds  pertaining  to  electricity  and  plant  life  in  general  have 
also  received  some  attention.  There  is  an  increased  interest 
in  this  subject,  more  particularly  relating  to  the  injurious 
effects  whicli  are  too  frequently  manifested  in  valuable  shade 
trees  coming  in  contact  with  live  wires.  The  department 
has  also  given  considerable  attention  to  the  study  of  soil 
organisms,  but  this  work  at  present  is  merely  in  a  prelim- 
inary stage. 

Crops  as  related  to  Weather  Conditions. 
Every  season  is  distinctly  peculiar  as  regards  the  preva- 
lence or  non-prevalence  of  specific  fungous  growths.  The 
early  potato  blight  appeared  in  most  places  to  do  more  in- 
jury than  usual  during  the  early  part  of  the  summer.  This 
is  true  even  where  crops  were  sprayed.  As  far  as  this  season's 
results  are  concerned,  it  would  indicate  that  spraying  was 
not  commenced   early  enough   for  controlling  this   blight. 
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Most  potatoes  ought  to  have  been  sprayed  as  early  as  June 
12  or  15,  in  order  to  check  the  blight,  or,  in  other  words, 
when  they  were  less  than  one-third  grown.  In  regard  to 
the  mildew  and  wet  rot  on  the  potatoes,  the  eifects  were 
severe  in  some  localities,  and  much  loss  Avas  experienced. 

The  asparagus  rust  was  more  pronounced  than  last  season. 
A  stem  rot  caused  much  damage  to  cultivated  dandelions,  — 
a  trouble  which  appears  to  be  an  unusual  one  in  this  State. 
Cucumber  and  melon  blight  have  been  exceedingly  rare  the 
past  summer,  being  the  first  for  about  six  years  when  no 
trouble  has  been  experienced.  The  downy  mildew  {Plas- 
mopara  CuhenMs,  (B.  and  C.)  Humphrey)  of  cucumbers 
and  melons,  which  is  believed  to  work  its  waj^  north  from 
the  south  each  year,  did  not  meet  our  attention  once  during 
the  season.  On  the  other  hand,  Alternaria  and  Anthracnose 
have  existed  here  and  there,  but  did  no  appreciable  harm. 

The  worst  injuries  were  due  to  winter-killing.  In  our 
last  report  we  alluded  briefly  to  disastrous  effects  of  winter- 
killing of  various  shrubs  and  plants,  caused  by  the  unusual 
prolonged  fall  of  1902,  and  the  severe  and  sudden  cold  oc- 
curring in  December  of  that  year.  The  winter  of  1903  and 
1904  was  even  more  severe  than  the  preceding  one  in  causing 
injury  to  plants,  and  this  injury  showed  itself  in  a  different 
manner.  Last  winter  was  particularly  characterized  as  caus- 
ing severe  injury  to  native  plants,  as  well  as  exotic  orna- 
mentals. The  etfect  of  the  extreme  cold  on  plants  was, 
moreover,  quite  dili'erent  in  the  winter  preceding,  inasmuch 
as  in  1902  and  1903  freezing  of  the  tender  wood  above 
ground  largely  took  place,  while  the  effects  of  last  winter's 
freeze  extended  both  above  and  below  the  surface  of  the 
ground.  The  most  characteristic  feature  of  the  last  winter- 
killing was  the  injury  done  to  the  roots.  This  was  particu- 
larly noticeable  on  apple,  pear  and  plum  trees,  and  the  white 
pine  suffered  to  a  considerable  extent  in  some  localities. 
Many  ornamental  shrubs  and  vines  also  show  the  same  char- 
acteristic effects  of  root  killing.  Numerous  apple  trees 
were  killed  outright,  and  thousands  lost  a  greater  or  less 
number  of  limbs,  due  to  an  inadequate  root  system  to  supply 
them.     Pear  trees  did  not  seem  to  be  ati'ected  so  extensively 
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as  the  apple.  W'e  observed  pear  trees  which  had  their  trunlvs 
yi)Iit  open  two  or  three  inches  by  the  frost.  The  crevices 
eventually  cIoschI  and  commenced  to  heal  over  in  the  spring, 
although  the  effects  of  partial  root  killing  have  left  many  of 
them  in  a  bad  condition.  The  splitting  of  the  stem  is  what 
is  termed  sun  scald  or  frost  crack,  and  the  frost  and  sun  are 
believed  to  be  responsible  for  it.  One  of  the  characteristic 
results  of  partial  root  killing  is  that  the  trees  will  bear  leaves 
in  the  spring  and  appear  normal  for  a  while,  when  suddenly 
the  leaves  commence  to  turn  yellow  and  brown,  and  finally 
dry  up  and  drop  off.  If  only  part  of  the  root  system  is  in- 
jured, the  effects  will  show  only  on  one  or  more  branches  or 
limlDS  ;  but  when  a  large  portion  of  the  root  system  is  involved, 
the  whole  tree  is  likely  to  collapse.  The  development  of  the 
leaves  of  many  apple  trees,  and  in  some  instances  of  peach 
and  plum  trees  which  had  partially  leaved  out,  was  suddenly 
arrested,  and  they  remained  in  this  condition  all  summer. 

White  pines  in  some  localities  appeared  to  be  injured  ex- 
tensively by  cold,  and  such  native  species  as  the  white  ash, 
red  and  sugar  maples,  birches  and  poplars  showed  the  effects 
of  the  severe  winter.  The  red  maples  exhibited  in  many 
cases  a  scarcity  of  foliage,  especially  near  the  top  ;  and  more 
dead  Avood  than  usual  was  observed  in  some  of  the  other 
species  noted.  The  effects  of  root  killing  show  more  con- 
spicuously when  the  soil  moisture  becomes  reduced,  and  in 
many  cases  not  until  the  season  had  become  quite  advanced 
did  some  trees  show  the  effects  of  winter-killino:.  The  effects 
on  exotic  plants  were  more  severe  than  in  1902,  since,  in 
addition  to  the  part  above  ground,  the  roots  were  injured. 

Japanese  maples,  Japanese  clematis,  California  privet, 
deutzia,  roses,  barberries,  viburnums,  etc.,  suffered  to  a 
considerable  extent,  and  many  were  killed  outright.  This 
list  could  be  greatly  extended,  and  if  complete  would  far 
exceed  that  noted  in  our  last  report.  Sycamore  and  Norway 
maples  have  suffered  from  the  loss  of  new  wood  during  the 
past  two  years,  as  shown  by  the  death  of  terminal  branches. 
Grape  vine  roots  were  affected  in  many  cases,  and  in  some 
instances  the  maturing  fruit  wilted  and  dried  up  as  if  affected 
by  the  black  rot. 
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On  the  whole,  the  season  can  be  characterized  as  showing 
an  unusual  amount  of  winter-killing ;  in  fact,  more  than  has 
been  seen  for  many  years  in  this  State. 

Testing  of  Seed. 
This  department  has  frequently  been  called  upon  to  do 
more  or  less  of  this  work  for  farmers,  and  in  many  instances 
for  seedsmen.  Practically  all  seedsmen  test  their  own  seed  ; 
when,  however,  there  is  some  doubt  as  to  the  germinating 
capacity,  it  occasionally  becomes  necessary  to  submit  the 
seeds  to  a  third  party  for  results  ;  in  such  cases  the  station 
is  called  upon  to  make  tests.  During  the  past  year  120 
samples  have  been  tested  for  farmers  and  seedsmen. 

The  Practice  or  Soil  Sterilization. 

The  application  of  steam  under  more  or  less  high  pressure 
to  greenhouse  soils  contaminated  with  sterile  fungi,  and  the 
use  of  hot  water  for  partial  sterilization,  have  been  practised 
for  a  few  years  by  greenhouse  growers.  We  have  had  con- 
siderable experience  with  growing  crops  in  sterilised  soil, 
and  some  greenhouse  growers  have  annually  resorted  to  this 
method  of  treatment.  It  is  our  purpose  to  give  a  resume  of 
the  results  obtained  from  this  practice. 

Sterilization  has  been  the  means  of  lessening  the  amount 
of  infection  in  lettuce  houses  in  plants  afiected  with  drop 
and  Rhizoctonia,  and  also  of  ridding  houses  of  eel  worms. 
It  has  also  been  the  means  of  greatly  stimulating  the  growth 
of  crops  ;  and  in  this  respect  it  is  likely  to  do  as  much  harm 
as  good,  when  intelligent  supervision  is  not  given  to  the 
crop.  Some  greenhouse  men  have  resorted  to  sterilization 
for  no  other  purpose  than  merely  to  try  it,  their  houses 
being  free  from  any  infection  for  which  this  method  of  treat- 
ment could  be  recommended  ;  while  others  have  followed 
the  practice  of  sterilizing  for  the  purpose  of  modifying  the 
growth  and  texture  of  their  plants. 

Besides  the  desired  effect  upon  the  eradication  of  drop 
and  Rhizoctonia  in  lettuce  houses,  it  has  been  the  means 
of  modifying  to  a  large  extent  the  texture  of  lettuce,  and 
it  has  been  emi)l<)yed  as  a  stimulator.     It  has  also  been  sue- 
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cessful  ill  eradicating  troublesome  insect  pests.  Its  prin- 
cipal drawbacks,  however,  in  groAving-  lettuce,  have  been 
due  to  its  stimulating  ctfects  on  the  plant  itself,  which, 
where  proper  precautions  are  not  taken  as  regards  tempera- 
ture, etc.,  result  in  developing  a  more  tender  plant,  with  a 
loose  and  less  desirable  head.  A  lettuce  plant  of  this  type 
is  more  tender  because  it  contains  more  water,  and  it  is  not 
so  desirable  for  the  market.  Moreover,  such  plants  are  in- 
clined to  be  susceptible  to  Botrytis  rot,  if  not  properly 
handled. .  We  learned  ver}^  early  in  our  experiments  that, 
on  account  of  the  stimulating  effect  brought  about  by  grow- 
ing plants  in  sterilized  soils,  it  is  necessary  to  hold  the  crop 
back  by  maintaining  lowx>r  night  temperatures.  If  a  tem- 
perature of  from  8°  to  10°  F.  lower  than  is  customary  at 
night  is  maintained,  so  that  the  crop  may  develop  no  faster 
than  one  grown  under  normal  conditions,  the  result  will  bo 
a  crop  possessing  firm  heads  of  equal  texture  and  resisting 
qualities  to  that  grown  under  normal  conditions.  We  have 
repeatedly  called  attention  to  the  necessity  of  this  practice 
in  growing  lettuce  in  sterilized  soils,  but  this  advice  has  not 
always  been  followed. 

There  has  been  a  slight  increased  tendency  for  lettuce 
})Uuits  to  become  more  subject  to  Botrytis  rot  when  grown 
in  either  sterilized  soil  or  that  treated  by  hot  water,  owing 
to  a  more  accelerated  gro^vth,  and  the  production  of  a  head 
of  less  firm  texture.  Botrytis  rot  is  the  principal  disease 
that  most  lettuce  crops  are  troubled  with  at  the  present 
time.  However,  it  is  not  a  very  serious  one  with  good 
growers.  There  will  be  observed  here  and  there  a  plant 
affected  with  Botrytis  rot  in  the  best  of  houses ;  the  ideal 
conditions,  however,  require  that  there  should  be  none.  As 
to  the  loss  by  Botrytis  rot  by  experienced  growers,  it  is  of 
no  practical  importance,  since  the  percentage  will  bo  repre- 
sented by  a  small  decimal.  Botrytis  rot  can,  nevertheless, 
be  eliminated  to  a  greater  extent  than  it  is,  if  lettuce  growers 
would  follow  certain  precautions  more  carefully.  In  grow- 
ing plants  in  sterilized  soil,  Botrytis  rot  can  be  reduced  by 
paying  attention  to  proper  temperature  conditions  at  night, 
or,  in  other  words,  by  holding  the  crop  within  legitimate 
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limits.  Tile  principal  souree.s  of  Bolrytis  inrcctiini  are 
inferior  priekers  or  seedlings.  All  })rickers  showing  the 
black  root  should  be  discarded,  as  this  is  the  beginning 
of  the  Botrytis  rot.  No  prickers  showing  any  injuries  to 
the  leaves,  roots  or  cotyledons  should  be  utilized,  nor  should 
any  dead  leaves  be  allowed  to  form  on  the  plants  or  be  left 
on  them  after  transplanting.  A  strict  adherence  to  the 
above  precautions  will  greatly  reduce  Botrytis  rot. 

Another  feature  which  should  be  considered  in  connection 
with  the  Botrytis  rot,  as  well  as  rots  in  general,  is  watering. 
Lettuce  growers  have  developed  the  tendency  to  do  less 
watering  after  the  crop  is  set  than  formerly.  They  apply 
most  of  the  water  previous  to  planting,  at  the  present 
time.  This  practice  induces  the  })lant  to  develop  a  better 
root  system.  The  surface  of  the  soil  becomes  dry  and 
remains  so,  which  constitutes  a  great  feature  in  eliminat- 
ing Botrytis  rot,  drop,  etc.  Were  it  possible  for  air  and 
sun  to  obtain  access  to  a  lettuce  stem,  there  would  scarcely 
be  known  such  a  thing  as  lettuce  rot,  with  the  present  skill 
developed  in  handling  this  crop.  Some  growers  have  prac- 
tised for  some  time  the  method  of  thoroughly  wetting  the 
soil  before  planting,  and  not  applying  any  water  after  trans- 
planting ;  while  others  water  occasionally  for  only  two  or 
three  weeks  after  transplanting.  We  demonstrated  quite 
early  in  our  work  the  importance  of  keeping  the  surface  of 
the  soil  dry.  Subirrigation  methods  reduce  the  rots  to  a 
considerable  extent ;  and  the  method  of  thoroughly  wetting 
the  soil  previous  to  planting,  and  not  supplying  any  water 
afterwards,  is  similar  in  its  effects  to  subirrigation,  besides 
having  the  advantage  of  being  a  much  cheaper  method. 
Top  coatings  of  clean,  dry  sand  and  other  substances  have 
similar  effects  in  reducino;  rots. 

We  believe  that  a  great  deal  can  be  accomplished  in 
eliminating  Botrytis  rot  and  other  diseases  if  more  care  be 
taken  in  selecting  seed  of  a  more  uniform  size  and  character. 
Care  should  be  taken  in  selecting  seed  that  will  produce 
more  hardy  plants,  and  that  which  will  produce  plants  less 
subject  to  infection.  There  is  a  chance  for  experimentation 
and  more  careful  study  here. 

In   one   instance;   we   have   heard    it    implied   that    lettuce 
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crops  grown  in  sterilized  soil  were  prone  to  mildew.  This 
may  result  to  some  extent  when  the  crop  is  not  properly 
handled ;  but  mildew  is  confined  to  the  houses  of  only  a 
very  few  commercial  growers,  and  its  existence  in  a  house 
at  all  can  be  accounted  for  otherwise.  We  introduced  the 
mildcAv  into  our  house  several  times,  but  it  always  died  out, 
and  was  never  known  to  live  through  the  summer.  On  the 
whole,  far  better  lettuce  crops  are  turned  out  to-day  than 
five  vears  ae^o,  and  there  is  a  decided  decrease  in  the  amount 
of  infection,  due  to  the  application  of  improved  methods  of 
treatment  and  culture. 

As  resrards  the  effects  of  sterilized  soil  on  the  OTowth  of 
cucumbers,  our  experiments  and  those  of  others  have  shown 
favorable  results,  since  cucumbers  will  stand  a  considerable 
amount  of  forcing  without  any  detriment ;  and  we  have 
none  of  the  drawbacks  due  to  excessive  stimulation  of  the 
crop,  such  as  we  find  in  lettuce.  When  cucumbers  are  grown 
under  single  lights  of  glass,  or  under  favorable  conditions  as 
regards  light,  the  stimulating  eflects  due  to  sterilization  act 
most  advantageousl}^ ;  while,  on  the  other  hand,  where  the 
crop  is  grown  under  exceedingly  abnormal  conditions  as 
regards  heat,  light  and  moisture,  as  it  sometimes  is,  no 
appreciable  results  are  noticeable,  except  in  so  far  as  the 
treatment  eliminates  undesirable  pests  from  the  soil.  In- 
deed, no  form  of  stimulation  is  of  any  practical  value  to 
plants  when  their  conditions  of  growth  are  extremely  ab- 
normal. Sterilization  is  especially  eflScacious  in  destroying 
eel  Avorms  and  preventing  timber  rot,  and  also  destroys  some 
insect  pests  which  trouble  the  cucumber.  One  of  the  special 
advantages  in  growing  cucumbers  in  sterilized  soil  is  con- 
nected with  the  seed  and  seedling,  since  germination  of  the 
seeds  is  hastened,  the  plants  are  accelerated,  and  damping- 
otf  is  prevented.  A  considerable  amount  of  acceleration  is 
given  to  the  growth  of  the  seedling  ;  and  in  our  experiments, 
where  seeds  were  sown  in  sterilized  and  un sterilized  soil, 
.  we  obtained  an  increase  in  the  actual  germination  of  the 
seed  equal  to  33  per  cent,  in  favor  of  sterilized  soil.  The 
expense  of  sowing  seeds  and  starting  seedlings  in  sterilized 
soil  would  be  slight,  and  the  results  obtained  render  this 
process  especially  desirable. 
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The  growing  of  carnations  in  sterilized  soil,  according  to 
our  limited  experiments,  shows  a  slightly  beneficial  effect  on 
the  plant,  although  others  who  have  had  more  extensive 
experience  have  noted  very  little  difference  as  the  result  of 
this  practice.  It  is  especially  applicable  to  carnations  in 
eliminating  the  wet  stem  rot  caused  by  the  fungus  Rhizoc- 
tonia.  In  our  opinion,  there  is  little  reason  to  believe  that 
sterilizing  would  succeed  in  preventing  the  dry  rot  caused  by 
Fusarium.  With  carnations,  soil  sterilization  possesses  some 
advantao^e  in  the  cutting  bed  where  cuttings  are  affected 
with  Rhizoctonia  and  the  dami)ing-off  fungus  (Pt/thiiun  De 
Baryanum,  Hesse).  In  our  rather  extensive  use  of  ster- 
ilized soil  we  have  never  observed  any  detrimental  influence 
on  the  soil  itself;  we  have,  however,  always  made  use  of 
a  tolerably  rich  soil,  well  supplied  with  organic  matter. 

The  principal  forms  of  appliances  now  used  for  this  pur- 
pose are  similar,  with  some  modifications,  to  those  which 
have  been  employed  for  five  or  six  years.  Perforated  iron 
pipes  made  up  into  frames,  10  to  12  feet  long  and  8  to  10 
feet  wide,  are  most  generally  used.  The  harrow  form  of 
apparatus,  known  as  the  Sargent  sterilizer,  is  also  largely 
used,  and  consists  of  an  iron  frame,  4  or  5  by  8  or  10  feet, 
provided  with  i)erforated  teeth  about  10  or  12  inches  apart 
and  1  foot  long.  The  teeth  are  thrust  into  the  soil,  and  the 
steam  is  turned  on.  With  this  form  of  apparatus  it  is  not 
necessary  to  shovel  the  soil,  hence  the  process  is  cheap. 
The  latter  type  requires  a  high  pressure  of  steam,  and  not  so 
great  a  volume  ;  while  the  former  apparatus  requires  a  large 
volume  of  steam,  and  can  be  operated  to  advantage  with  15 
or  20  pounds  of  steam  pressure. 

The  Influence  of  Electrical  Potential  on  the 
Growth  of  Plants.^ 
In  our  last  report  we  gave  results  of  experiments  showing 
the  effects  of  current  electricity  upon  the  growth  of  plants, 
also  the  results  of  subjecting  plants  and  moist  seeds  to  dif- 
ferent electrical  potentials.     We  shall  give  here  the  results 

'  These  experiments  were  conducted  by  N.  F.  Monalian. 
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of  further  experiments  along  similar  lines,  and  present  some 
results  relating  to  dilterences  of  electrical  potential  which 
exist  between  locations  in  trees  and  corresponding  situations 
more  or  less  removed  from  them. 

In  the  first  series  of  experiments  we  will  consider  the 
influence  of  electrical  potential  upon  growth.  In  subjecting 
plants  to  an  atmospheric  charge  of  a  certain  potential  we  used 
a  glass  case  such  as  is  described  in  our  preceding  report, 
being,  briefly,  a  glass  case  3  feet  4  inches  long,  2  feet  9 
inches  wide  and  2  feet  11  inches  high,  with  shellacked  wooden 
frames  and  bottom.  Another  case,  for  comparison,  and 
similar  in  structure  but  slightly  larger,  was  also  employed. 
Both  cases  were  tolerably  tight  when  closed,  and  were  placed 
on  movable  trucks,  from  which  they  were  well  insulated,  in  a 
large  o-reenhouse.  The  greenhouse  screened  out,  as  it  were, 
the  atmospheric  electricity.  At  no  time  have  we  ever  been 
aljle  to  detect  any  electrical  potential  in  the  air  in  green- 
houses. The  soil  used  in  growing  the  plants  was  of  uniform 
type,  very  carefully  mixed ;  in  fact,  every  precaution  was 
taken  to  have  the  soil  conditions  the  same  in  each  case,  and 
all  its  various  constituents  were  thoroughly  incorporated. 

In  the  case  which  was  to  be  treated  was  placed  a  small 
water-dripping  apparatus,  which  served  as  a  collector,  and 
which  indicated  the  degree  of  charging.  The  air  was  charged 
by  means  of  a  wire  projecting  into  the  case  from  a  Topler- 
Holtz  influence  machine.  All  electrical  readings  were  meas- 
ured by  a  Thompson  quadrant  electrometer. 

In  the  two  experiments  now  described  radish  plants  were 
employed,  as  they  seemed  to  be  most  suitable  for  the  con- 
dition under  which  they  were  grown.  The  seeds  were  of  a 
uniform  grade,  and  were  sown  in  rows  3  inches  apart  and  1 
inch  apart  in  the  rows.  It  was  the  intention  to  charge  the 
case  each  morning  to  a  potential  of  150  volts  ;  but  this  was 
impossible,  as  exactly  150  volts  could  not  always  be  obtained, 
and  at  times,  on  account  of  the  dampness  of  the  air,  no  charge 
could  be  procured  from  the  machine.  The  doors  of  both 
cases  were  kept  closed  for  four  hours  after  the  charge  had 
been  induced  into  the  treated  case,  and  at  the  end  of  that 
time  they  were  opened ;  therefore,  for  twenty  out  of  every 
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twenty-four  hours  all  the  plants  were  growing  under  the  same 
conditions.  At  all  times  the  conditions  of  temperature  and 
moisture  were  practically  the  same  in  both  charged  and  nor- 
mal, or  uncharged,  cases. 


Table  I.,  Experiment  I.  (^RajJhanus  sativus  L.).  —  Showing  the  Re- 
siclts  obtained  by  electricallij  charging  the  Air  in  a  Case. 


Case. 

Average 
Daily 
Charge 

(Volts). 

Number 

of 
Plants. 

Total  Weight  in 
Grams  of  — 

Tops. 

Roots. 

Normal  case 

Electrically  charged  case. 

167.2 

219 
162 

2,211.3 
2,551.5 

510.3 
623.7 

Table  I.,  Experiment  I.  (^Raphanus  sativus  L.).  —  Showing  the  Re- 
sults obtained  by  electricjdly  charging  the  Air  in  a  Case  —  Concluded. 


Cask. 

Average  Weight 
IN  Grams  of  — 

Per  Cent,  gained 
IN  Weight  of  — 

Total 

Per  Cent. 

gained. 

Tops. 

Roots. 

Tops. 

Roots. 

Normal  case, 
Electrically  charged  case, 

10.097 
15.750 

2.333 
3.850 

55.98 

65.67 

57.67 

The  experiment  in  Table  II.  is  similar  to  Experiment  I., 
except  that  the  seeds  were  planted  in  rows  5  inches  apart, 
instead  of  4,  as  in  the  preceding  one.  The  cold  weather  in- 
terfered with  the  development  of  the  plants,  and  the  experi- 
ment was  brought  to  a  close  earlier  than  was  planned. 


Table  II.,  Experiment  II.  (^Raphanus  sativus  L.).  —  Shoiving  the  Re- 
sults obtained  by  electrically  charging  the  Air  in  a  Case. 


Case. 

Average 
Daily 
Charge 
(Volts). 

Number 

of 
Plants. 

Total  Weight  in 
Grams  of  — 

Tops. 

Roots. 

Normal  case,        .... 
Electrically  charged  case, 

141.2 

136 
69 

91 
66 

98.5 
74.0 
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Table  II.,  Experiment  II.  (Rajihaims  satiims  L.).  —  Showing  the  Re- 
sults obtained  by  electrically  charging  the  Air  in  a  Case  —  Concluded. 


Case. 

Average  Weight 
in  guams  of  — 

Pek  Cent,  gained 
IN  Weight  of  — 

Total 

Per  Cent. 

gained. 

Tops. 

Roots. 

Tops. 

Roots. 

Normal  case, 
Electrically  charged  case, 

.669 
.956 

.724 
1.072 

42.73 

49.16 

45.. 58 

The  results  given  in  tables  I.  and  II.  are  ([uite  similar. 
In  Table  I.  there  Avas  a  gain  of  55.98  per  cent,  in  the  Aveight 
of  tops  or  leaves  and  65.67  per  cent,  in  the  weight  of  roots, 
over  the  uncharged  plants  ;  in  Table  II.,  the  percentage  given 
for  the  tops  is  42.73  and  for  the  roots  49.46.  The  total  gain 
in  Experiment  I.  is  57.67  per  cent.  ;  in  Experiment  II.  it  is 
45.58  per  cent.  The  average  gain  in  both  experiments  was 
49.35  per  cent,  for  the  tops  or  leaves,  57.56  per  cent,  for 
the  roots  and  51.62  per  cent,  as  an  average  total  gain  for  the 
electrically  stimulated  plants.  The  charge  in  Experiment  I. 
averaged  167.2  volts;  in  Experiment  II.,  141.2  volts.  The 
charge  only  lasted  a  few  seconds  in  all  instances,  and  prac- 
tically disappeared  from  the  atmosphere  of  the  case  in  fifteen 
minutes. 

Some  measurements  were  occasionally  made  of  a  dozen 
typical  plants  from  each  case  in  Experiment  I.  The  object 
in  taking  these  measurements  was,  first,  to  show  the  differ- 
ence in  size  and  degree  of  acceleration,  differentiation,  etc., 
of  the  treated  and  untreated  plants ;  and,  second,  to  com- 
pare the  electrically  treated  plants  with  those  that  were  not 
treated,  when  the  latter  were  practically  in  the  same  stage 
of  development ;  or,  in  other  words,  the  plants  in  the  elec- 
trically charged  case  were  compared  with  those  in  the  un- 
treated case  on  the  day  in  which  the  measurements  were 
made,  and  also  five  days  later,  when  the  development  of  the 
normal  plants  had  reached  practically  the  same  stage  as  that 
of  the  plants  in  the  electrically  treated  case.  By  this  method 
any  changes  in  the  external  configuration  of  the  plants 
brought  about  by  electrical  stimulation  could  be  noted. 
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Table  III.  shows  the  results  of  these  measurements,  and 
Table  IV.  gives  a  comparison  between  the  leaves  of  the 
plants  in  the  charged  and  uncharged  cases,  measurements 
being  made  August  15  and  August  20,  respectively. 

Table  III.  —  Showing  the  Average  of  Some  Measuremejits  of  FUmts  m 
Table  I.,  Experhnent  I. 


Date. 

Case. 

Width  of 
Leaf 
(Centi- 
meters) . 

Length  of 
Blade 
(Centi- 
meters) . 

Length  of 
Petiole 
(Centi- 
meters). 

Length  of 
Whole 
Leaf 
(Centi- 
meters) . 

August  15, 

Normal  case. 

Electrically  charged  case, . 
Difference, 

Normal  case, 

Electrically  charged  case, . 
Difference,     . 

•2.13 
2.66 

4.17 
5.33 

2.28 
4.34 

6.49 
10.16 

August  20, 

.53 

2.79 
3.65 

1.16 

4.83 
6.95 

2.06 

3.35 
5.20 

3.67 

8.10 
12.05 

.86 

2.12 

1.85 

8.95 

Table  IV.  —  Oiving  a  Gompariso7i  between  the  Leaves  of  the  Plants  in 
the  Charged  and  Uncharged  Cases. 


Date. 

Case. 

Width  of 
Leaf 
(Centi- 
meters) . 

Length  of 

Blade 

(Centi- 

meters) . 

Length  of 
Petiole 
(Centi- 
meters) . 

Length  of 
Whole 
Leaf 
(Centi- 
meters) . 

August  20, 
August  15, 

Normal  case. 

Electrically  charged  case, 
Difference,     . 

2.79 
2.66 

4.83 
5.33 

3.35 
4.34 

8.10 
10.16 

.13 

.50 

.99 

2.06 

The  results  of  these  experiments  shoAv  what  was  readily 
discernible  with  the  naked  eye  ;  namely,  that  the  length  of 
leaves  of  the  electrically  treated  plants  was  quite  different 
from  those  of  the  normal  or  untreated  plants,  and  that  the 
width  and  length  of  the  leaf  blade  and  the  leno;th  of  the 
petioles  of  the  plants  in  the  electrically  treated  case  exceeded 
those  of  the  normal  or  untreated  plants.  When  comparisons, 
however,  are  made  of  the  plants  in  the  electrically  treated  case 
of  August  15  with  those  of  the  normal  of  August  20,  or  five 
days  later,  it  Avill  be  observed  that  the  width  of  the  blade  of 
the  normal  exceeded  that  of  the  treated  one  by  .1.3  centime- 
ters, and  that  the  difference  in    the  length  of  the  blades, 
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petioles  and  leaves  in  general  was  much  less  marked.  The 
length  of  the  blade,  petiole  and  whole  leaf  in  general  Avas 
longer  for  identical  periods  of  development  in  the  electrically 
treated  plants  than  in  the  normal  or  untreated,  although  the 
width  of  the  blade  was  more  generally  marked  in  its  devel- 
opment in  the  normal  than  in  the  plants  in  the  electrically 
charged  case.  The  morphological  differentiation  due  to  elec- 
trical stimulation  is  shown  in  these  experiments. 

The  plants  in  the  electrically  charged  case  were  of  a  lighter- 
green  color,  and  they  showed  a  greater  tendency  to  leaf  burn 
than  did  the  normal  plants.  They  also  appeared  to  be  more 
succulent,  but  moisture  determinations  made  of  the  leaves  at 
the  close  of  the  experiment  showed  no  difference  in  this  re- 
spect. The  roots  in  the  treated  case  were  relatively  more 
elongated  than  those  in  the  untreated  case.  Whether  this 
form  of  electrical  treatment  stimulates  plants  more  than  cur- 
rent electricity  cannot  definitely  be  determined,  from  the 
lack  of  a  sufficient  number  of  comparative  results.  How- 
ever, these  two  experiments  would  indicate,  both  from  naked- 
eye  observations  and  from  weights  and  measurements,  that 
static  charges  act  as  more  pronounced  stimuli  than  current 
electricity  when  applied  to  soils.  Electrical  stimulation 
gives  rise  to  effects  similar  to  those  caused  b}^  lack  of  light, 
or  such  as  result  from  partial  etiolation.  The  light-green 
color  of  the  foliage  and  the  elongated  organs  were  similar  to 
those  noticed  in  plants  groAvn  in  poorly  lighted  greenhouses 
in  winter,  and  in  shaded  plants  grown  in  the  forest.  Other 
kinds  of  electrical  stimulation  appear  to  have  the  same  gen- 
eral effects  on  the  plant. 

Comparison  of  Atmospheric  Electrical  Potential  in  Trees 
and  in  the  Free  Air. 
The  idea  has  been  advanced  that  trees,  shrubs,  and  in  fact 
all  growing  plants,  must  form  a  means  by  which  the  poten- 
tial of  the  air  and  the  earth  is  held  in  equilibrium.  A  living 
tree  does  not  offer  such  an  enormous  resistance  to  the  passage 
of  electricity  as  dead  wood  does.  We  have  charged  small 
plants  in  the  laboratory  to  a  sufficiently  high  potential  so 
that,  when  placed  in  the  dark,  sparks  were   emitted    from 
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many  points  of  the  leaves,  and  living  plants  will  readily 
take  charges  from  a  static  machine.  It  has  also  been  main- 
tained that  trees  modify  the  electrical  potential  of  the  atmos- 
phere of  their  immediate  surroundings. 

Grandeau  ^  and  other  experimenters  have  shown  that  when 
plants  are  grown  under  wire  netting  they  develop  less  in  a 
given  space  of  time  than  do  plants  grown  under  similar 
conditions  in  every  respect  as  regards  light,  etc.,  in  the  free 
atmosphere.  The  interpretation  of  this  phenomenon  is, 
that  wire  screens  modify  the  atmospheric  electrical  potential, 
or  absorb  the  electricity,  as  it  were,  to  the  detriment  of  the 
plant.  This  method  of  experimenting  with  wire  nets  we 
have  employed  only  to  a  limited  extent,  and  at  present  have 
not  a  sufficient  number  of  results  on  which  to  report.  Unfor- 
tunately, most  of  the  experiments  previously  made  in  this 
line  are  open  to  severe  criticism,  from  the  fact  that  too  few 
plants  were  employed,  and  different  methods  of  surrounding 
the  plants  with  wire  netting  prevailed,  which  accounts  for 
occasional  conflicting  results.  Grandeau  obtained  similar 
results  by  growing  plants  under  a  chestnut  tree,  as  under  a 
wire  netting ;  and  he  concluded  that  it  is  probable  that  trees 
modify  to  a  large  extent  the  electrical  potential  of  the  atmos- 
phere in  their  immediate  neighborhood.  The  object  we  had 
in  view  in  these  experiments  was  to  ascertain,  among  other 
things,  whether  trees  did  modify  in  any  way  the  electrical 
potential  of  the  atmosphere  in  their  immediate  vichiity.  In 
order  to  ascertain  whether  there  is  any  discernible  difference 
between  the  atmospheric  electrical  potential  in  trees  and  in 
the  free  air,  at  corresponding  height  and  location,  we  made 
a  series  of  three  readings  daily  from  April  to  July,  and  daily 
readings  during  the  remainder  of  the  experiment,  with  col- 
lectors and  a  Thompson  quadrant  electrometer.  These 
observations  were  started  early  in  the  spring,  before  any 
foliage  had  developed,  and  continued  until  after  the  leaves 
had  fallen.  A  collector  was  placed  in  an  elm  tree,  at  a 
height  of  40  feet  above  the  ground,  at  a  fork  between  two 
limbs  from  which  it  was  insulated.  The  collector  was  sit- 
uated about  on  a  level  with,  or  slightly  above,  the  spread  of 

»  "Coniptes  rendus,"  T.  LXXXVII.,  1878,  pp.  60,  2S5,  931).    "Chiniie  et  Physiologic 
appliquees  a  I'Agriculture  et  a  la  Sylviculture  par  L.  Grandeau,"  Paris,  1879,  p.  279. 
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the  branches  and  leaves.  The  tree,  however,  was  not  in 
every  respect  a  typical  elm  for  this  region,  the  head  being 
high  and  close,  witli  the  branches  drooping  but  little. 

The  collector  in  the  tree  is  designated  as  11.  in  the  follow- 
ing monthlj'  records  ;  and  the  one  in  the  free  air,  which  was 
located  near  a  building,  is  designated  as  I.  Collector  III. 
was  in  a  spruce  tree,  and  Nos.  IV.  and  V.  were  added  in 
August.  Collector  III.  was  located  12  feet  high,  near  the 
top  and  under  the  branches  of  a  small  Norway  spruce.  Nos. 
IV.  and  V.  represent  readings  from  two  small  Norway  spruce 
trees,  about  2  feet  high,  in  pots  ;  they  were  located  about 
16  feet  from  the  ground,  on  a  plank  scaffold.  No.  IV.  had 
a  copper  plate  in  the  soil,  which  was  connected  with  the 
electrometer  when  readings  were  made.  No.  V.  had  a  sim- 
ilar plate,  but  was  grounded  with  an  insulated  wire  ;  another 
wire  led  from  this  copper  plate  in  the  soil  to  the  electrom- 
eter. 

Readings  were  taken  from  the  various  collectors  on  the 
same  electrometer  at  practically  the  same  time  each  day. 
Table  V.  shows  readings  taken  from  April  20  to  Nov.  1,  1904, 
and  where  readings  are  omitted  they  could  not  be  obtained. 
All  readings  not  otherwise  recorded  imply  negative  potential. 

Table  V.  —  Records  showing  the  Electrical  Potential  (Volts)  taken  from 
an  Elm  Tree  and  from,  Free  Air. 


9  A.M. 

1  P.M. 

5  P.M. 

Date. 

Collector 

I.  — Free 

Air. 

Collector 
II.  — Elm. 

Collector 

I.  —  Free 

Air. 

Collector 
II.  — Elm. 

Collector 

I.  — Free 

Air. 

Collector 
II.  — Elm. 

1904. 

April  21,  . 

22,  . 
23,. 
24,  . 
25,. 
2C,  . 

27,  .        . 
28,. 

29,  . 

30,  . 

56.0 
48. 0 
8.0 
16.0 
40.0 
32.0 

8.0 
24.0 
32.0 

56.0 
48.0 
8.0 
16.0 
40.0 
32.0 

8.0 

0.0 

32.0 

32.0 
32.0 
40.0 
16.0 
40.0 
16.0 
60.0 
32.0 
8.0 

32.0 
32.0 
40.0 
16.0 
40.0 
16.0 
60.0 
32.0 
0.0 

0.0 
16.0 

16.0 
16.0 
32.0 
40.0 
45.0 
0.0 

0.0 
16.0 

16.0 
32.0 
40.0 
45.0 
0.0 

April  24,  trees  show  signs  of  budding. 
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Tabi^e  V.  — Becoi'ds  showing  the  Electrical  Potential  (  Volts')  taken  frotn 
an  Elm  Tree  and  from  Free  Air — Continued. 


9  A.M. 

1  P.M. 

5  P.M. 

Date. 

Collector 

I.  — Free 

Air. 

Collector 
II.  — Elm. 

Collector 

I.  — Free 

Air. 

Collector 
II.  — Elm. 

Collector 

I.  — Free 

Air. 

Collector 
II.  — Elm. 

1904. 

May    1,    . 

112.0 

112.0 

32.0 

32.0 

0.0 

0.0 

2,    . 

16.0 

16.0 

12.0 

12.0 

8.0 

8.0 

3,    . 

48.0 

48.0 

40.0 

40.0 

48.0 

48.0 

4,    . 

56.0 

56.0 

24.0 

24.0 

24.0 

24.0 

5,    . 

56.0 

56.0 

56.0 

56.0 

8.0 

0.0 

6,    . 

12.0 

12.0 

24.0 

24.0 

20.0 

20.0 

7,  . 

8,  .        . 

64.0 

64.0 

28.0 

24.5 

- 

- 

9,    . 
10,    . 

24.0 

24.0 

28.0 

28.0 

- 

- 

11,    . 

48.0 

48.0 

8.0 

8.0 

16.0 

16.0 

12,    . 

72.0 

72.0 

80.0 

80.0 

40.0 

40.0 

13,    . 

64.0 

64.0 

8.0 

0.0 

24.0 

20.0 

14,    . 

16.0 

14.0 

- 

- 

- 

- 

15,    .        . 

8.0 

0.0 

8.0 

0.0 

- 

- 

16,    . 

- 

- 

- 

- 

- 

- 

17,    . 

- 

- 

32.0 

- 

- 

- 

18,    . 

- 

- 

20.0 

8.0 

20.0 

- 

19,    . 

40.0 

32.0  , 

32.0 

17.0 

16.0 

12.0 

20,    . 

56.0 

40.0 

32.0 

24.0 

- 

- 

21,    . 

8.0 

0.0 

16.0 

9.0 

20.0 

16.0 

22,    . 

32.0 

16.0 

- 

- 

- 

- 

23,    .        . 

8.0 

4.0 

16.0 

8.0 

32.0 

24.0 

24,    . 

16.0 

14.0 

20.0 

12.0 

8.0 

8.0 

25,    . 

218.0 

32.0 

16.0 

16.0 

20.0 

16.0 

26,  . 

27,  . 

28,  . 

88.0 

56.0 

32.0 

0.0 

- 

- 

24.0 

20.0 

24.0 

20.0 

16.0 

0.0 

29,    . 

32.0 

0.0 

2S.0 

0.0 

- 

- 

30,    . 

- 

- 

- 

- 

- 

- 

31,    . 

- 

" 

- 

- 

- 

- 

May  7,  leaves  beginning  to  show;  May  9,  hardly  a  trace;  May  14,  trees  fairly  well 
leaved,  seeds  beginning  to  drop;  heavy  thunder  showers  on  26th;  5  p.m.  readings  gave 
extremely  high  and  fluctuating  potentials. 
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Table  V.  —  Records  s/iowi7ig  the  Electrical  Potential  (^Volts')  lakejifrom 
an  Elm  Tree  and  from  Free  Air  —  Continued. 


9  A.M. 

1  P.M. 

5  P.M. 

Date. 

Collector 

1.  — Free 

Air. 

Collector 
II.  — Elm. 

Collector 

I.  — Free 

Air. 

Collector 
II.  — Elm. 

Collector 

I.  — Free 

Air. 

Collector 
II. -Elm. 

1904. 

June    1,  . 

2,  . 

3,  . 

32.0 

24.0 

16.0 

8.0 

-f-8.0 

—8.0 

- 

- 

16.0 

8.0 

- 

_ 

4,  . 

- 

- 

16.0 

8.0 

- 

- 

5,  . 

8.0 

0.0 

8.0 

0.0 

112.0 

56.0 

6,  . 

7, 

20.0 

0.0 

8.0 

0.0 

0.0 

0.0 

8,  .        . 

9,  . 
10,  . 

- 

- 

- 

- 

- 

- 

- 

- 

16.0 

8.0 

8.0 

0.0 

11,  . 

28.0 

16.0 

32.0 

20.0 

24.0 

16.0 

12,  . 

72.0 

56.0 

8.0 

0.0 

8.0 

0.0 

13,  . 

40.0 

24.0 

40.0 

24.0 

- 

- 

14,  . 

8.0 

0.0 

32.0 

0.0 

- 

- 

15,  . 

16.0 

8.0 

28.0 

24.0 

- 

- 

16,  . 

8.0 

0.0 

8.0 

0.0 

- 

- 

17,  . 

16.0 

8.0 

40.0 

24.0 

- 

- 

18,  . 

36.0 

24.0 

28.0 

20.0 

16.0 

0.0 

19,  . 

72.0 

48.0 

88.0 

."56.0 

8.0 

0.0 

20,  . 

32.0 

20.0 

16.0 

8.0 

8.0 

0.0 

21,  . 

20.0 

16.0 

16.0 

8.0 

8.0 

0.0 

22,  . 

20.0 

8.0 

- 

- 

- 

- 

'          23,  .        . 

- 

- 

- 

- 

- 

- 

24,  . 

- 

- 

- 

- 

- 

- 

25,  . 

- 

- 

- 

- 

- 

- 

26,  . 

- 

- 

- 

- 

- 

- 

27,  . 

24.0 

12.0 

8.0 

0.0 

0.0 

0.0 

28,  . 

16.0 

12.0 

8.0 

trace 

8.0 

trace 

29,  . 

- 

- 

- 

- 

- 

- 

30,  . 

- 

- 

- 

- 

- 

- 

June  2-4,  rain 

;  June  6-9,  a 

vet  wire. 
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Table  V.  —  Becords  shoimng  the  Electrical  Potential  (  Volts')  taken  from 
an  Elm  Tree  and  from  Free  Air  —  Continued- 


9  A.M. 

1  P 

.M. 

5  P.M. 

Date. 

Collector 

I.  — Free 

Air. 

Collector 
II.  — Elm. 

Collector 

I.  — Free 

Air. 

Collector 
II.  — Elm. 

Collector 

I.  — Free 

Air. 

Collector 
II.  — Elm. 

1904 

July   1,    . 

• 

_ 

_ 

_ 

_ 

_ 

_ 

2,    . 

3, 

- 

- 

- 

- 

8.0 

4.0 

4, 
5,    , 

36.0 

16.0 

32.0 

20.0 

32.0 

20.0 

6, 

28.0 

12.0 

24.0 

0.0 

24.0 

0.0 

7, 

88.0 

56.0 

8.0 

0.0 

8.0 

0.0 

8, 

- 

- 

20.0 

8.0 

28.0 

12.0 

9, 

12.0 

0.0 

48.0 

24.0 

.30.0 

20.0 

10, 

- 

- 

- 

- 

8.0 

0.0 

11, 
12, 
13, 
14, 
15, 
16, 
17, 
18, 
19, 

24.0 

8.0 

24.0 

0.0 

24.0 

0.0 

- 

- 

- 

- 

- 

- 

12.0 

0.0 

8.0 

0.0 

8.0 

trace 

20, 

12.0 

trace 

10.0 

4.0 

10.0 

4.0 

21, 

10. 0 

trace 

2S.0 

8.0 

12.0 

trace 

22, 
23, 
24, 

- 

- 

- 

- 

- 

_        1 

25, 
26, 
27, 

- 

- 

- 

- 

- 

- 

28, 
29, 
30, 

20.0 

8.0 

24.0 

8.0 

- 

- 

28.0 

8.0 

.■52.0 

16.0 

16.0 

trace 

31, 

- 

- 

- 

- 

- 

- 

July  12-18,  electrometer  out  of  order;  July  22-28,  rain. 
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Takle  V.  —  Records  showing  the  Electrical  Potential  {Volts)  taken  from 
an  Elm  Tree  and  from  Free  Air —  Continued. 

[Collector  III.,  12  feet  high,  in  Norway  spruce.     Nos.  IV.  .and  V.,  readings  taken  from 
copper  plates  in  soil.    Time  of  observation,  i)  a.:\i.] 


Datk. 

Collector 

1.  — Free 

Air. 

Collector 
11.  — Ehn. 

Collector 
III.  — Spruce. 

No.  IV.— 

Small  Spruce 

Tree,  not 

grounded. 

No.  v.— 

Small  Spruce 

Tree, 

grounded. 

1901. 

August   ],   . 

88.0 

52.0 

_ 

_ 

., 

2,   . 

0.0 

0.0 

- 

- 

- 

3,  . 

4,  . 

8.0 

0.0 

- 

- 

- 

5,  .        . 

6,  . 

72.0 

40.0 

: 

- 

7,  . 

.32.0 

16.0 

- 

- 

- 

8,  . 

90. 0 

56.0 

- 

- 

9,    . 

40.0 

24.0 

- 

- 

- 

10,   . 

8.0 

0.0 

- 

- 

- 

11,   . 

Ki.O 

8.0 

Very 

slight  move 

ment 

12,    . 

5G.0 

.32.0 

+4.0 

+4.0 

+4.0 

13,   . 

8.0 

trace 

+ trace 

+trace 

+ trace 

14,  . 

96.0 

56.0 

+6.0 

+8.0 

+16.0 

15,   .        . 

24.0 

16.0 

+trace 

+4.0 

+ti-ace 

16,   . 

32.0 

16.0 

trace 

+8.0 

+12.0 

17,  . 

0.0 

0.0 

+8.0 

+8.0 

+12.0 

18,   . 

+16.0 

+8.0 

—8.0 

—8.0 

-8.0 

19,   .        . 

40.0 

20.0 

0.0 

trace 

trace 

20,  . 

- 

- 

-     ' 

- 

- 

21,  . 

72.0 

40.0 

+8.0 

+8.0 

+12.0 

22,  . 

8.0 

+trace 

+trace 

+trace 

+trace 

23,  . 

8.0 

trace 

+8.0 

+4.0 

+8.0 

24,   . 

48.0 

24.0 

0.0 

trace 

trace 

25,   . 

56.0 

28.0 

0.0 

0.0 

trace 

26,  . 

96.0 

52.0 

+8.0 

+8.0 

+12.0 

27,  . 

88.0 

40.0 

0.0 

0.0 

0.0 

28,   . 

40.0 

24.0 

0.0 

0.0 

0.0 

29,  . 

8.0 

trace 

0.0 

0.0 

0.0 

30,  .        . 

40.0 

16.0 

+2.0 

+2.0 

+2.0 

31,   . 

40.0 

24.0 

0.0 

0.0 

0.0 
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Table  V.  —  Records  shoiving  the  Eleclrical  Polenlial  (  Volts')  taken  from 
an  Elm  Tree  and  from  Free  Air  —  Continued. 

[Collector  III.,  12  feet  high,  in  Norway  spruce.    Nos.  IV.  and  V.,  readings  taken  from 
copper  plates  iu  soil.    Time  of  observation,  3  P.M.] 


Date. 

Collector 
I.  — Free 

Air. 

Collector 
II.  — Elm. 

Collector 
III.  —  Spruce. 

No.  IV.— 

Small  Spruce 

Tree,  not 

grounded. 

No.  v.— 

Small  Spruce 

Tree, 

grounded. 

I»04. 

August  1,    . 

80.0 

40.0 

_ 

- 

- 

2,     . 

- 

- 

- 

- 

- 

3,    . 

8.0 

0.0 

- 

- 

- 

4,    . 

- 

- 

- 

- 

- 

5,    . 

- 

- 

- 

- 

- 

6,    . 

24.0 

12.0 

- 

- 

- 

7,    . 

40.0 

24.0 

- 

- 

- 

8,     . 

88.0 

56.0 

- 

- 

- 

9,     . 

24.0 

12.0 

- 

- 

- 

10,     . 

0.0 

0.0 

- 

- 

-        , 

11,     . 

8.0 

0.0 

0.0 

0.0 

0.0 

12,     . 

40.0 

24.0 

+4.0 

+4.0 

+4.0 

13,     . 

56.0 

4.0 

+trace 

+ti-ace 

+trace 

14,    . 

24.0 

12.0 

+4.0 

+trace 

+4.0 

15,     . 

72.0 

40.0 

+4.0 

+8.0 

+12.0 

16,     . 

16.0 

8.0 

trace 

trace 

trace 

17,     . 

0.0 

0.0 

0.0 

0.0 

0.0 

18,     . 

0.0 

0.0 

0.0 

0.0 

0.0 

19,     . 

40.0 

20.0 

0.0 

0.0 

trace 

20,     . 

- 

- 

- 

- 

- 

21,     . 

40.0 

24.0 

+4.0 

trace 

12.0 

22,     . 

8.0 

0.0 

0.0 

0.0 

0.0 

23,     . 

8.0 

0.0 

+8.0 

trace 

trace 

24,     . 

56.0 

32.0 

0.0 

0.0 

0.0 

25,     . 

32.0 

24.0 

0.0 

0.0 

trace 

26,     . 

72.0 

40.0 

+8.0 

+8.0 

+8.0 

27,     . 

48.0 

24.0 

0.0 

0.0 

0.0 

28,     .        . 

8.0 

trace 

0.0 

0.0 

0.0 

29,     . 

4.0 

0.0 

0.0 

0.0 

0.0 

30,     . 

i(;.o 

8.0 

0.0 

0.0 

0.0 

.31,     . 

40.0 

24.0 

0.0 

0.0 

0.0 
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Table  V.  — liecofds  slwwing  the  Electrical  Folcniutl  (  Volts)  taken  from 
an  Elm  Tree  and  from  Eree  Air  —  CJontinued. 

[Collector  III.,  12  feet  high,  in  Norway  spruce.    Nos.  IV.  and  V.,  readings  talicn  from 
copper  plates  in  soil.    Time  of  observation,  9  a.m.] 




No.  IV.— 

No.  v.— 

Date. 

Collector 

I.  — Free 

Air. 

Collector 
II.  — Elm. 

Collector 
III.  — Spruce. 

Small  Spruce 
Tree,  not 
grounded. 

Small  Spruce 

Tree, 

grounded. 

1904. 

September  1,     . 

88.0 

.52.0 

+4.0 

+4.0 

+4.0 

2,     . 

- 

- 

- 

- 

- 

3,      . 

- 

- 

- 

- 

- 

4,      • 

96.0 

.56.0 

+8.0 

+8.0 

+8.0 

5,      . 

72.0 

40.0 

4.0 

2.0 

4.0 

6,      . 

—8.0 

—trace 

+0.0 

+0.0 

+0.0 

7,      . 

40.0 

24.0 

0.0 

0.0 

0.0 

8,      . 

50.0 

32.0 

0.0 

0.0 

0.0 

9,      . 

72.0 

40.0 

0.0 

trace 

trace 

10,      . 

- 

- 

- 

- 

- 

11,      . 

- 

- 

- 

- 

- 

12,      . 

- 

- 

- 

- 

- 

13,      . 

- 

- 

- 

- 

- 

14,      . 

- 

- 

- 

- 

- 

15,      . 

- 

- 

- 

- 

16,      . 

- 

- 

- 

- 

- 

17,      . 

- 

- 

- 

- 

- 

18,      . 

- 

- 

- 

- 

- 

19,      . 

- 

- 

- 

- 

- 

20,      . 

- 

- 

- 

- 

- 

21,      . 

- 

- 

- 

- 

- 

22,      . 

- 

- 

- 

- 

- 

23,      . 

- 

- 

- 

- 

- 

24,      . 

- 

- 

- 

- 

- 

25,      . 

- 

- 

- 

- 

- 

26,      . 

0.0 

0.0 

0.0 

0.0 

0.0 

27,      . 

8.0 

8.0 

0.0 

0.0 

trace 

28,      . 

- 

- 

- 

- 

- 

29,      . 

- 

- 

- 

- 

- 

•SO,      . 

24.0 

24.0 

0.0 

trace 

trace 

September  6,  possibly  slight  movement  toward  positive  in  Nos.  III.,  IV.  and  V. 
Operator  away  from  September  10  to  September  25. 


28 


HATCH   EXPERIMENT   STATION, 


[Jill 


Table  V.  —  Records  showing  the  Electrical  Potential  {Volts)  taken  from 
an  Elm  Tree  and  from  Free  Air  —  Concluded. 

[Collector  III.,  12  feet  high,  in  Norway  spruce.    Nos.  IV.  and  V.,  readings  taken  fi-oni 
copper  plates  in  soil.    Time  of  observatiou,  9  a.m.] 


Date. 

Collector 

I.  — Free 

Air. 

Collector 
II.  — Elm. 

Collector 
III.  — Spruce. 

No.  IV.  — 

Small  Spruce 

Tree,  not 

grounded. 

No.  v.— 

Small  Spruce 

Tree, 

grounded. 

1904. 

October   1,  . 

40.0 

32.0 

4.0 

2.0 

4.0 

2,  . 

56.0 

48.0 

4.0 

trace 

2.0 

3,. 

4,  . 

5,  . 

96.0 

80.0 

8.0 

trace 

trace 

8.0 

8.0 

4.0 

4.0 

8.0 

6,. 

8,. 
9,  . 

in, . 

40.0 

.36.0 

trace 

trace 

trace 

- 

- 

-     • 

- 

- 

11, . 

- 

- 

- 

- 

- 

12,  . 

- 

- 

- 

- 

- 

13,  . 

- 

- 

- 

- 

- 

14,. 

8.0 

s.o 

2.0 

2.0 

4.0 

15,  . 

40.0 

40.0 

4.0 

trace 

4.0 

16,  . 

8.0 

8.0 

trace 

0.0 

0.0 

17,. 

16.0 

16.0 

2.0 

trace 

2.0 

IS,  . 

40.0 

,0.0 

0.0 

0.0 

0.0 

19,. 

24.0 

24.0 

trace 

0.0 

trace 

20,  . 

- 

- 

- 

- 

- 

21,  . 

- 

- 

- 

- 

- 

22,  . 

- 

- 

- 

- 

23,  . 

- 

- 

- 

- 

- 

24,  . 

40.0 

40.0 

0.0 

0.0 

0.0 

25,  . 

8.0 

8.0 

trace 

trace 

trace 

26,  . 

- 

- 

- 

- 

- 

27,. 

- 

- 

- 

- 

- 

28,. 

- 

- 

- 

- 

- 

29,  . 

8.0 

8.0 

0.0 

trace 

trace 

30,  . 

- 

- 

- 

- 

- 

31,. 

- 

- 

- 

- 

- 

October  5,  leaves  turning  color,  very  few  falling;  October  20,  leaves  taken  off  by  high 
wind;  October  24,  leaves  entirely' off  trees. 
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Diagram  II.  —  Showing  the  results  of  electrical  readings  from  free  air,  Collector  I., 
and  elm  tree,  Collector  II.,  for  the  month  of  August.  The  spaces  on  tlie  abscissa 
denote  days;  the  spaces  on  the  ordinate  denote  periods  of  eiglit  volts  each.  Solid 
line  indicates  free  air  readings;  dotted  line  indicates  elm  tree  readings. 
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Table  VI.  —  Summary  of  Potential  Readings  of  the  Precedimj  Tables, 
showing  the  Total  and  Average  Results  given  by  Collector  I.  (^Free 
Air)  and  Collector  II.  {Elm  Tree). 


April,     .... 
May  1  to  May  14,  . 
May  14  to  May  31, 

June 

July,       .... 

August 

September,    . 
October  1  to  October  7, 
October  7  to  October  31, 


Total  Voltage  of— 


Collector 

I.  — Free 

Air. 


240 
573 

398 
498 
224 
1,088 
456 
240 
152 


Collector 
II.  — Elm. 


240 
572 
228 
276 
108 
592 
276 
204 
152 


Average  Daily 
Voltage  of— 


Collector 

I.  — Free 

Air. 


30.0 
52.0 
44.2 
38.0 
37.3 
,54.4 
.57.0 
48.0 
19.0 


.Collector 
II.  — Elm. 


30.0 
52.0 
25.3 
21.2 
18.0 
29.6 
34.5 
40.8 
19.0 


While  the  results  obtained  from  this  series  of  experiments 
do  not  possess  the  same  value  as  the  series  extending  over 
more  than  one  season,  they  nevertheless  point  very  stronglj^ 
to  the  conclusion  that  trees  do  modify  to  a  considerable 
extent  atmospheric  electrical  potential  in  their  immediate 
vicinity.  By  consulting  the  summary,  Table  VI.,  where  the 
total  and  average  potentials  for  different  periods  are  shown, 
it  will  be  seen  that  some  important  differences  occurred 
between  the  potentials  of  the  free  air  and  the  elm  tree 
collectors.  It  is  significant  also  that  there  occurred  no 
difference  in  the  readings  between  the  free  air  collector  and 
that  in  the  elm  tree  up  to  the  time  when  the  leaves  developed. 
The  few  readings  which  we  were  able  to  make  in  October 
after  the  leaves  had  fallen  showed  the  same  results. 

Our  interpretation  of  the  results  of  these  observations  is, 
that  the  elm  tree  took  some  electricity  from  the  air  immedi- 
ately surrounding  it  during  the  period  in  which  it  was  in 
foliage.  If  this  single  series  of  observations  is  typical  of 
what  takes  place  in  nature,  then  we  can  conclude  that  the 
atmospheric  electrical  potential  is  not  affected  much  by  trees 
in  the  immediate  vicinity  except  when  they  are  in  foliage. 
There  are  a  few  instances  where  collectors  I.  and  II.  showed 
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positive  potentials,  and  practically  the  same  relative  ditfer- 
ences  are  shown  here  as  in  the  numerous  negative  potential 
readings. 

The  collector  in  the  branches  of  the  spruce  tree,  12  feet 
from  the  ground  (Collector  HI.),  from  which  it  was  well  in- 
sulated, invariably  showed  the  opposite  potential  from  that 
obtained  in  the  free  air  and  from  the  elm  tree.  It  will  appear 
from  this  that  the  air  surrounding  the  collector  in  the  spruce 
tree  was  charged  with  the  same  kind  of  potential  (positive 
or  negative)  as  that  of  the  earth;  and  the  readings  taken 
from  Nos.  IV.  and  V.,  which  were  very  close  to  this  tree, 
although  four  feet  higher,  gave  the  same  kind  of  potential  as 
that  of  Collector  III. ,  or  larger  spruce  tree.  In  other  words, 
all  the  potentials  in  Nos.  HI.,  IV.  and  V.  are  opposite  to  that 
of  the  air.  There  were  some  difficulties  experienced  in  ob- 
taining readings  of  the  three  spruce  trees,  — partly  because 
the  readings  had  to  be  taken  too  close  to  the  ground,  and 
partly,  perhaps,  because  we  were  dealing  with  the  same  kind 
of  potential  in  the  air  that  the  earth  was  charged  with  ;  and 
that,  therefore,  when  the  potential  of  the  air  in  the  branches 
of  the  spruce  tree  and  the  potential  of  the  earth  were  the  same 
in  degree  and  kind,  differences  in  potential  would  not  exist, 
and  therefore  measurements  would  be  impossible.  Evergreen 
trees,  which  are  supplied  with  a  large  number  of  pointed 
leaves,  may  possibly  be  better  adapted  to  discharge  elec- 
tricity than  deciduous  trees.  It  is  quite  possible  that  ever- 
green trees  behave  quite  differently  from  deciduous  trees  as 
regards  their  relationship  to  atmospheric  electricit}^  In  our 
opinion,  there  is  a  strong  probability  that  all  living  plants  act 
as  conductors,  or  that  they  serve  to  keep  the  potential  of  the 
earth  and  the  air  in  more  or  less  equilibrium  ;  and  that  trees 
and  vegetation  in  general  take  part  in  this,  although  in  all 
l)robability  all  species  do  not  act  in  the  same  specific  manner. 

This  phase  of  the  subject  has  not  been  studied  as  much  as 
is  desirable.  We  infer  from  our  own  observations  that  some 
trees  show  a  great  tend(Micy  towards  conducting  the  electricit}'- 
from  the  air  to  the  earth,  and  that  other  trees  show  the 
same  tendency  for  conducting  electricity  from  the  earth  to 
the  air ;  and  that  in  all  probability  this  exchange  of  elec- 
tricity from  the  air  to  the  earth,  and  vice  versa,  does  not  take 
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place  at  the  same  time  through  the  same  tree ;  and  that, 
under  normal  conditions,  —  that  is,  when  no  great  electrical 
disturbance  is  taking  place,  —  some  species  of  trees  always 
conduct  the  electricity  to  the  air  from  the  earth,  while  other 
species  conduct  electricity  from  the  earth  to  the  air.  It  is 
not  at  all  unlikely  that  in  the  vicinity  of  large  trees  there 
is  exhibited  a  detrimental  influence  on  crops,  and  vegetation 
in  general,  to  an  extent  which  cannot  be  accounted  for  by 
the  lack  of  sunshine  and  soil  moisture. 

Some  Important  Literature  relating  to  Diseases,  etc., 
OF  Crops  not  generally  believed  to  be  caused  by 
Fungi  or  Insects. 

The  publication  by  Dr.  W.  C.  Sturgis^  of  a  host  index 
relating  to  economic  fungi  has  proved  of  great  value  to 
students,  and  to  those  interested  in  the  literature  pertaining 
to  fungous  diseases  of  our  important  cultivated  crops.  Un- 
fortunately, the  host  index  of  Dr.  Sturgis  does  not  include 
those  troubles  generally  termed  physiological,  or  those  of 
an  unknown  nature. 

The  following  list  is  compiled  to  supplement  his  host  index 
to  literature  pertaining  to  fungous  diseases.  It  is  by  no 
means  complete,  but  includes  at  least  some  of  the  more 
important  publications  of  the  agricultural  experiment  sta- 
tions and  United  States  Department  of  Agriculture  relating 
to  functional  and  unknown  disorders. 

Apple  (Pirus  malus,  L.) . 
Baldwin  Fruit-spot,  Brown-spot.  — N.  Y.  (Geneva)  Agr.  Exp.  Sta.,  Bull.  No. 

164,  1899,  pp.  215-219.     Vt.  Agr.  Exp.  Sta.,  Rept.  1899;  1900,  pp.  159-164. 
Frost-blisters  (Leaves). ~'N.Y.  (Geneva)  Agr.  Exp.  Sta.,  Bull.  No.  220,  1902, 

pp.  217-224.    See  Quince.    Mass.  Hatch  Exp.  Sta.,  Rept.  No.  15,  1903,  pp. 

32-34. 
Frost-cracks  (Fruit)  .  —  Yt.  Agr.  Exp.  Sta.,  Bull.  No.  49,  1895,  p.  100.    See  Pear. 
Rosette.  — Col.  Agr.  Exp.  Sta.,  Bull.  No.  69,  1902,  pp.  4-6. 
Scald.— Yt.  Agr.  Exp.  Sta.,  Rept.  1896-97,  pp.  5.5-59;  also  11th  Rept.  1898,  pp. 

198,  199. 
Spraying  and  Bloom.  — 'N.  Y.  (Geneva)  Agr.  Exp.  Sta.,  Bull.  No.  196,  1900. 
Spraying  Injuries. — N.  Y.  (Geneva)  Agr.  Exp.  Sta.,  Bull.  No.  220,  1902,  pp. 

225-230. 

Apricot  (Prunus). 
Leaf-scorch  or  Sunburn.  — Ariz.  Agr.  Exp.  Sta.,  Rept.  1898,  pp.  163-165. 

1  Conn.  (State)  Agr.  Exp.  Sta.,  Bull.  No.  118, 1893;  Repts.  17,  1893;  31,  1897;  and  24, 
1900. 


32  HATCH   EXPERIMENT   STATION.         [Jan. 


Aster  {Callistephus  hortensis,  Cass.)- 
Yelloivs.  — Mass.  Hatch  Exp.  Sta.,  Bull.  No.  79,  1902,  p.  11. 

Beet  (Beta  vulgaris,  L.). 
Lea/scorch  (Suf/ar  iieeO-  — N.  Y.  (Geneva)  Agr.  Exp.  Sta.,  Bull.  No.  162, 1899, 
pp.  167-171. 

Cauliflower  (Brassica  oleracea,  L.). 

Lea/scorch  or  Tqj-burn.  —  'N.  Y.  (Geneva)  Agr.  Exp.  Sta.,  Bull.  No.  162,  1899, 

pp.  176,  177. 

Celery  (Aphim  graveolens,  L.) . 

Pithiness.  — MsiTyla,nd  Agr.  Exp.  Sta.,  Bull.  No.  83,  1902;   also  Bull.  No.  93, 
1904. 

Cherry  (Prunus  Cerasus,  L.) . 

Leaf-scorch.  — 'N.Y.  (Geneva)  Agr.  Exp.  Sta.,  Bull.  No.  162,  1899,  pp.  171-176. 
See  Maple,  etc. 

Cotton  (Gossypium,  spi).). 
Red  Leaf-blight.  — Ala.  Coll.  Sta.,  Bull.  No.  36,  1892,  pp.  31,  32. 
Shedding  of  Bolls.  — Ala.  Coll.  Sta.,  Bull.  No.  41,  1892,  pp.  50-53. 
Yellow  Leaf-blight.  —  Ala.  Coll.  Sta.,  Bull.  No.  36,  1892,  pp.  2-31. 

Cucumber  {C'ucumis  sativus,  L.). 
iea/-CMr;.  —  Mass.  Hatch  Exp.  Sta.,  Bull.  No.  87,  pp.  30,  31. 
Ste7n-curl.  — Mass.  Hatch  Exp.  Sta.,  Bull.  No.  87,  p.  32. 
Wilt.  — Mass.  Hatch  Exp.  Sta.,  Bull.  No.  87,  p.  32;  also  Kept.  1899,  pp.  159-163. 

Grape  ( Vitis,  spp.) . 
California  Vine  Disease.  — \J.  S.  Dept.  Agr.,  Div.  Veg.  Path.,  Bull.  No.  2,  1892. 

U.  S.  Dept.  Agr.,  Farmers'  Bull.  No.  30,  pp.  1-11. 
Chlorosis.— \J.  S.  Dept.  Agr.,  Div.  Veg.  Path.,  Bull.  No.  2,  1892,  pp.  179-181. 
Coulure.  —  lJ.  S.  Dept.  Agr.,  Div.  Veg.  Path.,  Farmers'  Bull.  No.  30,  pp.  11-14. 
Mai  Nero,  Rougeot  and  Folletage.  —  N.  Y.   (Cornell  Univ.)  Agr.   Exp.   Sta., 

Bull.  No.  76,  1894,  pp.  420,  421.     U.  S.  Dept.  Agr.,  Div.  Veg.  Path.,  Bull. 

No.  2,  1892,  pp.  181-198. 
Sunstroke.  — Gal.  Agr.  Exp.  Sta.,  Kept.  1887-93,  pp.  450,  451. 
Pourriture.  —  U.  S.  Dept.  Agr.,  Div.  Veg.  Path.,  Bull.  No.  2,  1892,  pp.  181,  182. 
Shelling.  — Conn.  (State)  Agr.  Exp.  Sta.,  Kept.  1896,  pp.  278-281.    Mich.  Agr. 

Exp.  Sta.,  Bull.  No.  121,  1895,  p.  51.     N.  Y.  (Cornell  Univ.)  Agr.  Exp.  Sta., 

Bull.  No.  76,  1894,  pp.  413-440,  452-454. 

Lettuce  (Lactuca  sativa,  L.). 
Top-burn.— Mass.  Hatch  Exp.  Sta.,  Bull.  No.  69,  p.  38;  also  Kept.  1897,  pp. 
82-84. 

Lily  (Lilium,  spp.). 

Bermuda  Lily  Disease.  —  U.  S.  Dept.  Agr.,  Div.  Veg.  Phys.  and  Path.,  Bull. 
No.  14,  1897. 

Melon  (Cucumis  Melo,  L.). 

Top-barn.  — Ga.  Agr.  Exp.  Sta.,  Bull.  No.  57,  1902,  p.  190. 

Oranges,  Lemons,  etc.  (Citrus,  sp]).). 
Blight.  — V.  S.  Dept.  Agr.,  Div.  Veg.  Phys.  and  Path.,  Bull.  No.  8,  1896,  pp. 

9-14.     U.  S.  Dept.  Agr.,  Journ.  Mycol.,  Vol.  VII.,  1894,  ])p.  32-M. 
Die-back  or  Exanthema.  —  Cal.  Agr.  Exp.  Sta.,  Bull.  No.  138,  1902,  pp.  40,  41. 

Fla.  Agr.  Exp.  Sta.,  Bull.  No.  53,  1900,  pp.  157-161.     U.  S.  Dept.  Agr.,  Div. 

Veg.  Phys.  and  Path.,  Bull.  No.  8,  1896,  pp.  14-20.     U.  S.  Dept.  Agr.,  Journ. 

I^rycol.,  Vol.  VII.,  1894,  pp.  29,  30. 
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Foot-rot  or  Mai  di  Gomma.  —  Fh\.  Agr.  Exp.  Sta.,  Bull.  No.  53,  1900,  pp.  151- 

155.  U.  S.  Dept.  Agr.,  Div.  Veg.  Phys.  and  Path.,  Bull.  No.  8,  1896,  pp.  28- 
33.     U.  kS.  Dept.  Agr.,  Jourii.  Mycol.,  Vol.  VII.,  189i,  pp.  30-32. 

Melanose.  — Flu.  Agr.  P:xp.  Sta.,  Bull.  No.  53,  1900,  pp.  1(58,  169.  U.  S.  Dept. 
Agr.,  Div.  Veg.  Pliy.s.  and  Path.,  Bull.  No.  8,  189(5,  pp.  3;?-38. 

Peach  {Pruniis  Persica,  Benth.  and  Hook.). 
Bordeaux  liijary.  —  Coim.   (State)  Agr.  Exp.  Sta.,  24th  Ann.  Kept.  1900,  |)p. 

219-254.    N.  Y.   (Cornell  Univ.)   Agr.  Exp.  Sta.,  Bull.  No.  164,  1899,  pp. 

385-388.     See  Plum.    Tenn.  Agr.  Exp.  Sta.,  Bull.,  Vol.  XV.,  No.  2,  1902. 
Dropsical  Swellings  of  Twigs  and  Branches.  —  Ohio  Agr.  Exp.  Sta.,  Bull.  No. 

92,  1898,  pp.  206-208. 
Fruit-crack  or  Sun-scald.  —  Col.  Agr.  Exp.  Sta.,  Bull.  No.  41, 1898,  pp.  15-18. 
Gum  Disease.  —Mich.  Agr.  Exp.  Sta.,  Kept.  1896,  pp.  123,  124;  also  Kept.  1897, 

p.  96.     Mich.  Agr.  Exp.  Sta.,  Bull.  No.  156,  1898,  p.  304. 
Little  Peach.— Mich.  Agr.  Exp.  Sta.,  Kept.  1896.  pp.  121,  122;  also  Bull.  No. 

156,  1898,  pp.  303,  304. 

Mechanical  Injuries,  e<c.  — Ohio  Agi-.  Exp.  Sta.,  Bull.  No.  92, 1898,  pp.  189, 190. 
Bosette.  —  Ga.  Agr.  Exp.  Sta.,  Bull.  No.  42,  1898,  p.  221.    Maryland  Agr.  Exp. 

Sta.,  Bull.  No.  42,   1896,  pp.  160-162.     Oklahoma  Agr.  Exp.  Sta.,  Bull.  No. 

20,  1896,  p.  21.    U.  S.  Dept.  Agr.,  Div.  Veg.  Path.,  Bull.  No.  1,  1891.    U.  S. 

Dept.  Agr.,  Farmers'  Bull.  No.  17,   pp.   13-17.    U.  S.  Dept.  Agr.,   Journ. 

Mycol.,  Vol.  VI.,  pp.  143-148.    U.  S.  Dept.  Agr.,  Journ.  Mycol.,  Vol.  VII., 

1894,  pp.  226-232. 
Twig  Diseases,— Gum-flow.  — Ohio  Agr.  Exp.  Sta.,  Bull.  No.  92,  1898,  pp.  199- 

206. 
Twig  Spots.  — Ohio  Agr.  Exp.  Sta.,  Bull.  No.  92,  1898,  p.  208. 
Yellows.  — Comi.  (State)  Agr.  Exp.  Sta.,  Bull.  No.  Ill,  1892,  pp.  7,  8;  also  Bull. 

No.  115.     Delaware  Agr.  Exp.  Sta.,  Kept.  1893,  pp.  152,   153;   also  Kept. 

1897,  pp.  168-173.    Ga.  Agr.  Exp.  Sta.,  Bull.  No.  42,  1898,  p.  220.    Maryland 

Agr.  Exp.  Sta.,  Bull.  No.  42,  1896,  pp.  157-160.    Mass.  Bull.  Bussey  Inst. 

(Harvard  Univ.),  Vol.  III.,  Pt.  1,  1901.    Mass.  Hatch  Exp.  Sta.,  Bull.  No. 

8,  1890,  pp!  6-12.    Mich.  Agr.  Exp.  Sta.,  Bull.  No.  103,  1894,  pp.  46-53.    N.  J. 

Agr.  Exp.  Sta.,  Kept.  1898,  pp.  .357-359;  also  Kept.  1899,  pp.  417,  418.    N.  Y. 

(Cornell  Univ.)  Agr.  Exp.  Sta.,  Bull.  No.  25,  1890,  pp.  178-180;  also  Bull. 

No.  75,  1894,  pp.  392^08.    No.  Car.  Agr.  Exp.  Sta.,  Bull.  No.  92,  1893,  pp. 

101,  102,  112;  also  Bull.  No.  120,  1895,  pp.  300,  .301.     Ohio  Agr.  Exp.  Sta., 

Bull.  No.  104,  1899,  pp.  212-216;  also  Bull.  No.  92,  1898,  pp.  190-199.    Pa. 

Agr.  Exp.  Sta.,  Bull.  No.  37,  1896,  pp.  21-23.    U.  S.  Dept.  Agr.,  Div.  Veg. 

Path.,  Bull.  No.  4,  1893.    U.  S.  Dept.  Agr.,  Div.  Veg.  Path.,  Bull.  No.  1, 

1891.    U.  S.  Dept.  Agr.,  Farmers'  Bull.  No.  17,  1894.    U.  S.  Dept.  Agr.,  Sec. 

Veg.  Path.,  Bull.  No.  9,  1888.     W.  Va.  Agr.  Exp.  Sta.,  Bull.  No.  66,  1900, 

pp.  214,  215. 

Pear  {Pirus  commu7iis,  L.) . 

Frost  Injuries.  — Ool.  Agr.  Exp.  Sta.,  Bull.  No.  41,  1898,  pp.  15-18  (tree  trunk). 
See  Plum  and  Peach.  Conn.  (State)  Agr.  Exp.  Sta.,  19th  Kept.  1895,  p. 
190  (on  fruit) .  Vt.  Agr.  Exp.  Sta.,  Bull.  No.  49,  1895,  p.  100  (on  fruit) .  See 
Apple. 

Plum  (Prwnw.s,  spp.). 

Frost-cracks  and  Sun-scald. —  Cal.  Agr.  Exp.  Sta.,  Bull.  No.  41,  1898,  pp.  15-18. 

Del.  Agr.  Exp.  Sta.,-Bull.  No.  .57,  1902,  pp.  13-15. 
Gximmosis.- Ohio  Agr.  Exp.  Sta.,  Bull.  No.  79, 1897,  pp.  121,  122.     Oregon  Agr. 

Exp.  Sta.,  Bull.  No.  45,  1897,  pp.  68-72. 
I'eWoro.s.  —  Consult  Peach  literature.     Mass.  Hatch  Exp.  Sta.,  Kept.  1903,  p.  35. 

Potato  (Solanum  tuberos^im,  L.) . 
Arsenical  Poisoning.— Yt.  Agr.  Exp.  Sta.,  Bull.  No.  49,  1895,  pp.  97,  98;  also 
Bull.  No.  72,  1899,  pp.  9,  10. 
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Internal  Brown  ^o<.— Minn.  Agr.  Exp.  Sta.,  Bull.  No.  39,  1894,  pj).  212,  213. 

Minn.  Agr.  Exp.  Sta.,  Bull.  No.  45,  1895,  p.  310.     N.  Y.  (Geneva)  Agr.  Exp. 

Sta.,  Bull.  No.  101,  pp.  78-83;  also  Eept.  1896,  pp.  504-509. 
Pimply  Potatoes.  —  '!^.  Y.  (Geneva)  Agr.  Exp.  Sta.,  Bull.  No.  101,  1896,  pp.  84, 

85 ;  also  Kept.  1896,  p.  511. 
Stem-blight.  —  '!^.  Y.  (Geneva)  Agr.  Exp.  Sta.,  Bull.  No.  101,  1896,  pp.  83,  84; 

also  Bull.  No.  138,  1897,  ]ip.  632-6:14. 
Sun-scald.  — Yt.  Agr.  Exp.  Sta.,  Bull.  No.  72,  1899,  pp.  12,  13. 
Ti2)-burn.  —  V.  S.  Dept.  Agr.,  Farmers'  Bull.  No.  91,  p.  10.     Vt.  Agr.  Exp.  Sta., 

Bull.  No.  49,  1895,  pp.  98,  99;  also  Bull.  No.  72,  1899,  pp.  10-12. 

Quince  (Pirus  Cydonia) . 
Frost-blisters  (Leave.^)  .  —  N.  Y.  (Geneva)  Agr.  Exp.  Sta.,  Bull.  No.  220,  1902, 
pp.  224,  225. 

Raspberry  (Rubus,  ajtj).). 
Yellows.  — if.  Y.  (Geneva)  Agr.  Exp.  Sta.,  Bull.  No.  226,  1902,  pp.  362-364. 

Rice  {Oryza  sativa,  L.). 
Blast.— ^.  C.  Agr.  Exp.  Sta.,  Bull.  No.  41,  1899,  pp.  3-7. 

Rose  {Rosa,  spp.). 
Bronzing  of  Leaves. — Mass.  Hatch  Exp.  Sta.,  Eept.  1899,  pp.  156-159.    N.  J. 
Agr.  Exp.  Sta.,  Rept.  1891,  pp.  303,  304. 

Tobacco  {Nicotiana  Tabacum,  L.). 
Mosaic  Disease,  "  Calico  "  or  Mottled  Top.  —  Conn.  (State)  Agr.  Exp.  Sta.,  Rept. 

1898,  pp.  242-260;    also  Rept.  1899,  pp.  252-261.     U.  S.  Dept.  Agr.,  Beau. 
Plant  Indus.,  Bull.  No.  18,  1902. 

Spotting.  — CoTm.   (State)  Agr.  Exp.  Sta.,  Eept.  1898,  pp.  254-260;  also,  Rept. 

1899,  pp.  252-261. 

Tomato  (Lycopersicum  esculentum,  Mill.). 
Dropping  of  Buds.— Flu.  Agr.,  Exp.  Sta.,  Bull.  No.  21,  1893,  pp.  37,  38;  also 

Bull.  No.  47,  1898,  pp.  148-151. 
Hollow  Stem.  — Flu.  Agr.  Exp.  Sta.,  Bull.  No.  47,  1898,  pp.  151-153. 
(Edema.  — Fla.  Agr.  Exp.  Sta.,  Bull.  No.  47,  1898,  pp.  146-148.    N.  Y.  (Cornell 
Univ.)  Agr.  Exp.  Sta.,  Bull.  No.  53,  1893.    Vt.  Agr.  Exp.  Sta.,  6th  Eept. 
1892,  p.  88. 

Miscellaneous. 
Arsenical  Injuries.  — Cid.  Agr.  Exp.  Sta.,  Bull.  No.  151,  liX)3. 
Lichens,  Mo.sses,  etc.  — Flu.  Agr.  Exp.  Sta.,  Bull.  No.  53,  1900,  pp.  169-173. 
Shade  Trees. — Mechanical  injuries,  etc.:    Conn.   (State)  Agr.  Exp.  Sta.,  Bull. 
No.  131,  1900;   also  24tli  Eept.  1900,  pp.  330-351.     N.  Y.   (Cornell  Univ.) 
Agr.  Exp.  Sta.,  Bull.  No.  205,  1902. 
Leaf-scorch  or  wilt:  Vt.  Agi-.  Exp.  Sta.,  13th  Eept.  1899-1900,  pp.  281,  282. 
Mass.  Hatch  Exp.  Sta.,  Rept.  1897,  pp.  81,  82.     N.  Y.  (Geneva)  Agr.  Exp. 
Sta.,  Bull.  No.  162,  1899,  pj).  177,  178. 
Illuminating  gas,  steam,  etc.:  Mass.  Hatch  Exp.  Sta.,  Rept.  1899,  p]).  16.3-167. 
Loss  of  foliage:  Mass.  Hatc-h  Exp.  Sta.,  Eept.  1899,  pp.  153,  1.54. 
Cm-rent  electricity,  lightning:  Mass.  Hatch  Exp.  Sta.,  Bull.  No.  91,  1903. 
Sunstroke:  Kentucky  Agr.  Exp.  Sta.,  Bull.  No.  47,  1893,  pp.  6-8. 
Smoke  and  Atmospheric  Gases.  —  Pa.  State  Coll.  Publication  (Prof.  Buckliout), 
1900  (effects  on  trees).    Utah  Agr.  Exp.  Sta.,  Bull.  No.  88,  1903  (effects  on 
crops) . 
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REPORT   OF   THE   METEOROLOGIST. 


J.    E.    OSTRANDER. 


At  the  beginning  of  the  year  a  change  was  made  in  the 
times  of  observation,  from  7  a.m.,  2  p.m.  and  9  p.m.  to  8  a.m. 
and  8  p.m.  This  was  done  in  order  to  malie  them  synchro- 
nous with  those  of  the  United  States  Weather  Bureau,  this 
station  being  one  of  the  voluntary  stations  of  that  service. 
This  change  has  made  no  appreciable  difference  in  the  daily 
means  compared  with  those  of  previous  years,  excepting 
those  of  relative  humidity,  where  the  omission  of  the  obser- 
vation near  midday  seems  to  have  resulted  in  a  higher  mean. 
The  eflect,  however,  can  be  more  definitely  determined  after 
the  change  has  been  in  operation  for  a  number  of  years. 

As  in  previous  years,  much  of  the  work  of  this  division 
has  been  that  of  observation  and  transcription  of  the  records 
in  permanent  form.  The  usual  bulletins  have  been  regularly 
issued  at  the  beginning  of  each  month,  containing  the  more 
important  daily  records,  together  with  the  monthly  means, 
and  remarks  on  any  unusual  features  that  occurred.  An 
annual  summary  will  be  made  a  part  of  the  December  bul- 
letin. 

The  local  forecasts  have  been  regularly  received  from  the 
Boston  office  of  the  United  States  Weather  Bureau,  and  the 
signals  displayed  from  the  flag-staff  on  the  tower.  This 
station  is  furnishing  the  weekly  reports  for  the  ' '  snow  and 
ice  "  bulletin,  as  has  been  done  the  last  few  years. 

In  addition  to  furnishing  the  section  director  of  the  Weather 
Bureau  with  the  voluntary  observers'  reports,  as  well  as  our 
printed  bulletin,  at  his  request  early  in  the  year  all  the  rec- 
ords at  this  station  were  examined  and  the  data  tabulated  to 
be  used  in  a  climatological  directory  of  the  principal  stations 
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of  the  United  States.  A  phenol()i!;ical  record  was  also  kept 
during  the  growing  season,  and  two  copies  furnished  the 
section  director  as  requested. 

As  a  part  of  the  college  exhibit  for  the  Louisiana  Purchase 
Exposition  at  St.  Louis,  this  division  prepared  a  number  of 
charts  in  water  colors,  showing  raan}^  of  the  meteorological 
features  of  the  station.  Photographs  of  most  of  our  self- 
recording  instruments  were  also  sent. 

Two  new  clocks  for  the  Draper  instruments  were  pur- 
chased during  the  year,  to  replace  others  that  had  become 
unreliable. 

Mr.  F.  F.  Henshaw  retired  as  observer  upon  his  graduation 
in  June,  and  Avas  succeeded  by  the  assistant  observer,  Mr. 
G.  W.  Patch. 
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EEPORT   OF   THE   CHEMIST. 


DIVISION   OF   FOODS   AND   FEEDING. 


J.    B.    LINDSEY. 

Chemical  Assistants :  e.  b.  Holland,  p.  h.  smith  and  e.  s.  kulton. 
Inspector  of  Feeds  and  Babcock  Machines  :  albert  parsons. 
Dairy  Tester :  sumner  r.  parker. 
In  Charge  of  Feeding  Experiments  :  Joseph  g.  cook. 
Stenographer:  mabel  c.  smith. 


Part     I. — The  Work  of  the  Year. 

1.  Correspondence, 

2.  General  laboratory  work. 

3.  Character  of  laboratory  work. 

{a)  Water. 

(b)  Dairy  products  and  cattle  feeds 

(c)  Chemical  investigations. 

4.  Inspection  of  concentrates. 

5.  Execution  of  the  dairy  law. 
G.  Test  of  pure-bred  cows. 

7.  Work  completed  and  in  progress. 

8.  Changes  in  staff. 

Part  II.  —  Experiments  in  Animal  Nutrition. 

1.  Digestion  experiments  with  sheep. 

2.  The  digestibility  of  galactan. 

3.  The  feeding  value  of  apple  pomace. 

4.  Blomo  feed  for  horses. 
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Part  I.  —  The  AYoek  oe  the  Year. 


J.    B.    LINDSEY. 


1.       CORRESPOXDEXCE. 

The  general  character  of  the  correspondence  has  been 
much  the  same  as  in  former  years,  and  the  amount  has  been 
approxmiately  4,000  letters  and  postals,  in  addition  to  some 
1,000  circulars  relative  to  adulterated  mixed  feeds. 

2.     Gexeral  Laboratory  Work. 

The  work  in  the  laboratory  has  been  of  the  same  character 
as  formerly.  The  number  of  determinations  of  butter  fat  in 
milk  has  greatly  increased. 

There  have  been  sent  in  for  examination  104  samples  of 
water,  773  of  milk,  1,779  of  cream,  2  of  butter  and  153  of 
feed  stuffs.  In  connection  with  experiments  by  this  and 
other  divisions  of  the  station,  there  have  been  analyzed,  in 
whole  or  in  part,  234  samples  of  milk  and  cream  and  530  of 
fodders  and  feed  stuffs.  There  have  also  been  collected  and 
tested  under  the  provision  of  the  feed  law  Q8C)  samples  of 
concentrated  feed  stuffs.  This  makes  a  total  of  4,261  sub- 
stances analyzed  during  the  year,  as  against  3,897  last  year 
and  3,240  in  the  previous  year.  Work  on  the  availability 
of  organic  nitrogen,  not  included  in  the  above,  has  been 
done  for  the  Association  of  Official  Agricultural  Chemists. 
In  addition,  20  candidates  have  been  examined  and  given 
certificates  to  operate  Babcock  machines,  and  2,026  pieces 
of  glassware  have  been  tested  for  accuracy,  of  which  200 
pieces,  or  9.87  per  cent.,  were  condemned. 

3.     Character  of  Laboratory  Work. 

(ff)       Water. 

In  accordance  with  instructions  from  the  experiment  station 

committee,  this  department  continues  to  charge  the  sum  of 

$3  for  a  sanitary  analysis  of  water.     The  number  of  samples 
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examined  lias  been  104,  whieh  is  considerably  less  than  when 
the  work  was  done  free  of  eost.  It  is  believed  that  this  charore 
has  held  in  check  those  who  have  heretofore  abused  the  privi- 
lege by  sending  in  a  large  number  of  samples,  in  some  cases 
out  of  mere  curiosity. 

Instructions  for  securing  an  analysis  of  water  :  — 

Those  wishing  to  secure  a  sanitary  analysis  of  water  must  first 
make  application,  whereupon  a  glass  bottle  securely  encased, 
accompanied  by  full  instructions  for  collecting  and  shipping 
the  sample,  will  be  forwarded  by  express.  The  return  express 
must  in  all  cases  be  prepaid.  Because  of  the  smallness  of  the 
sum  involved,  no  account  will  be  opened.  Remittance  by 
check,  P.  0.  money  order,  or  money  at  the  owner's  risk,  must 
be  strictly  in  advance. 

Address  Dr.  J.  B.  Lindsey, 

Hatch  Experiment  Station,  Amherst,  Mass. 

(b)     Dairy  Products  and  Cattle  Feeds. 

The  station  received  about  the  usual  number  of  samples 
of  milk  and  cream.  Many  samples  are  sent  by  farmers  to 
ascertain  the  quality  of  milk  produced  by  their  herd  or  by 
individual  cows,  and  this  should  meet  with  every  encourage- 
ment. Printed  circulars  are  sent  in  answer  to  inquiries, 
giving  concise  information  concerning  the  quality  of  milk 
produced  by  different  breeds,  as  well  as  full  instructions 
relative  to  the  best  methods  of  determining  the  productive 
capacity  of  the  dairy  herd.  The  station  also  tests  a  large 
number  of  samples  of  milk  and  cream  for  creameries  at  a 
charge  sufficient  to  cover  the  cost. 

About  the  usual  number  of  feed  stuffs  were  received  dur- 
ing the  year.  These  come  from  practical  feeders,  who  either 
suspect  adulteration,  or  desire  to  know  the  value  of  a  feed 
new  to  their  locality.  The  results  of  the  examination  are 
returned  promptly,  together  with  such  information  as  is 
suited  to  the  particular  case.  A  considerable  number  of 
samples  are  also  received  from  feed  dealers,  who  wish  to 
make  sure  as  to  the  intrinsic  value  of  the  materials  they  are 
offering.  It  is  believed  that  this  desire  for  information 
should  be  encouraged  as  much  as  the  limited  resources  of  the 
department  permit. 
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(c)  Chemical  Investigatioiis. 
In  so  far  as  time  and  opportunity  permit,  the  department 
aims  to  make  a  study  of  chemical  methods  that  will  facilitate 
the  accurate  and  rapid  determinations  of  the  different  sub- 
stances connected  with  animal  or  plant  life.  In  this  study 
of  methods  the  department  co-operates  yearly  with  the  As- 
sociation of  Official  Ao-ricultural  Chemists. 

4.     Inspection  of  Concentrates. 

The  passage  of  the  feed  law  by  the  Legislature  of  1903 
makes  it  possible  to  give  the  attention  to  this  line  of  work 
which  its  importance  demands.  A  regular  inspector  is  now 
employed,  who  travels  through  the  State  from  six  to  eight 
months  in  the  year,  so  that  the  station  is  kept  well  informed 
regarding  the  variety  and  character  of  the  feeds  offered  for 
sale.  The  results  of  the  several  inspections  were  published 
in  Bulletins  Nos.  93  and  98,  issued  in  January  and  August. 
These  bulletins  contained  52  and  36  pages  respectively. 
It  may  be  said  that  the  major  portion  of  the  feeds  now 
offered  are  properly  branded  and  free  from  adulteration  ; 
still,  some  manufacturers  and  local  dealers  continue  to  be 
careless  about  attaching  the  proper  form  of  guarantee,  and, 
while  the  station  has  not  prosecuted  any  cases  as  yet, 
there  will  be  no  hesitation  in  doing  so  if  occasion  makes  it 
necessary. 

A  tendency  is  noted  on  the  part  of  both  manufacturers 
and  dealers  to  mix  more  or  less  oat  offal  or  other  filler  with 
standard  by-products,  thus  reducing  the  cost  of  the  article 
sufficiently  to  enable  them  to  slightly  undersell  their  com- 
petitors. The  station  is  taking  a  firm  stand  against  such 
deceptions. 

During  the  present  autumn  a  considerable  quantity  of 
wheat  mixed  feed,  bran  and  middlings,  was  found  consid- 
erably adulterated  with  ground  corn  cobs  and  wheat  screen- 
ings. The  prompt  attention  of  the  jobbers  was  called  to 
the  matter,  and  they  took  steps  immediately  to  attach  the 
proper  guarantee.  A  special  circular  relative  to  this  fraud 
was  sent  to  all  the  principal  grain  dealers  in  the  State,  as 
well  as  to  the  agricultural  press. 
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It  is  not  necessary  to  make  a  chemical  analysis  of  as  many 
samples  as  formerly.  More  attention  is  being  given  to  the 
work  of  careful  inspection  and  to  the  collecting  of  those 
samples  which  are  suspected  oi'  being  below  standard  or 
adulterated.  The  corres})ondence  in  connection  with  this 
police  work,  as  it  may  be  termed,  requires  a  great  deal  of 
time  and  patience.  It  is  believed  that  all  farmers  and  dairy- 
men can  now  keep  themselves  well  posted  upon  the  char- 
acter and  value  of  the  large  variety  of  feeds  offered,  if  they 
are  disposed  to  do  so.  Interested  parties  are  referred  to  the 
various  feed  bulletins  for  details.  Bulletin  No.  101,  com- 
prising the  results  of  the  autumn  inspection,  is  now  in  press, 
and  will  be  issued  during  the  present  month  (December). 

5.     Execution  of  the  Daiey  Law. 

The  enforcement  of  this  law  has  been  given  the  same  care- 
ful attention  as  in  previous  years. 

Inspection  of  Glassware.  — All  glassware  found  to  be  cor- 
rectly graduated  has  been  marked  "Mass  Ex  St."  There 
were  2,026  pieces  examined,  of  which  200,  or  9.87  per  cent., 
were  condemned.  Inaccm'ate  graduation  of  bottles  has  been 
rather  more  noticeable  of  late  than  at  any  time  since  the 
early  days  of  the  inspection.  This  is  to  be  regretted,  and  it 
is  hoped  the  manufacturers  will  take  immediate  action  to 
prevent  a  possible  recurrence.  Bulb  cream  bottles  (Bart- 
lett)  have  been  previously  passed  on  accuracy  of  total  gradu- 
ation, as  the  usual  charge  of  5  cents  apiece  would  not  permit 
of  additional  testing.  The  continued  use  of  these  bottles  by 
some  of  the  prominent  milk  depots  has  rendered  it  necessary 
to  test  the  three  distinct  portions  of  the  scale,  at  a  corre- 
sponding increase  in  cost. 

Examination  of  Candidates.  —  A  few  more  candidates 
than  usual  were  examined,  and  20  certificates  of  competency 
issued.  A  considerable  number  showed  very  poor  manipu- 
lation, and  lacked  a  thorough  understanding  of  the  method. 
In  case  of  failure,  applicants  are  obliged  to  wait  a  month 
before  a  second  examination  will  be  given. 

Inspection  of  Bahcock  Machines.  —  The  inspection  of  ma- 
chines the  present  year  has  been  in  charge  of  Mr.  Albert 
Parsons,  who  makes  the  following  report :  — 
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The  annual  inspection  of  Babcock  machines  was  made  in 
November  of  lUO-i.  I'ifty-six  establisliments  were  either  visited 
or  heard  from,  30  being  creameries  and  20  milk  depots.  Twenty- 
one,  or  one-third  the  number,  are  co-operative,  while  the  other 
35  are  proprietary,  or  managed  by  stock  companies.  Thirty-six 
machines  were  inspected.  The  number  is  4  less  than  last 
year,  due  to  the  fact  that  2  creameries  and  1  milk  depot  have 
been  discontinued,  and  1  milk  depot  does  not  use  its  tester. 
Some  machines  overheated  the  tests,  and  a  few  required  addi- 
tional steam  to  warm  them.  One  needed  slight  repairs  of  the 
steam  gauge,  but  the  others  were  in  satisfactory  condition,  and 
in  general  showed  an  improvement  over  last  year.  Steam  was 
the  motive  power  in  every  case  except  one,  where  electricity 
was  used.  All  but  5  of  the  machines  have  frames  of  cast  iron, 
which  is  taking  the  place  of  galvanized  iron  and  copper.  Of 
the  cast-iron  machines,  19  are  "Facile,"  10  "Agos,"  and  2 
"Wizard."  The  last  named  has  only  recently  been  placed 
upon  the  market.  As  a  rule,  the  glassware  was  found  in  good 
condition,  although  in  a  few  cases  it  was  very  dirty.  In  addi- 
tion to  the  regular  inspection,  two  city  milk  inspectors  were 
visited.  Each  had  a  "Wizard"  cast-iron  machine,  one  being 
run  by  electricity  and  the  other  by  a  water  motor.  The  elec- 
trical machine  did  not  have  sufficient  power  for  the  necessary 
speed.  The  other  was  in  good  condition,  and  a  certificate  was 
given. 

6.     Tests  of  Pure-bred  Cows. 

This  work  has  increased  to  such  an  extent  as  to  render 
necessary  the  employment  of  a  regular  tester,  Mr.  Sumner 
R.  Parker  of  the  class  of  1904  of  this  college,  who  gives  it 
his  whole  time.  The  testing  is  conducted  mider  the  super- 
vision of  the  American  Guernsey  and  Jersey  cattle  clubs 
and  the  Holstein-Friesian  Association.  The  work  consists 
largely  in  determining  the  yearly^  milk  and  butter  fat  ydelds 
of  pure-bred  cows  of  the  several  breeds.  The  inspector 
visits  the  farms  monthly,  weighs  the  milk  for  one  or  two 
days,  determines  the  butter  fat  by  the  Babcock  method,  and 
reports  his  findings  to  the  secretary  of  the  respective  clubs, 
together  with  such  other  data,  relative  to  feed,  scattered 
milkings,  etc.,  as  are  required.  These  tests  are  known  as 
"  yearly  milk  and  Initter  fat  tests,"  or  "authenticated  but- 
ter fat  estimate  and   milk   record."     There    arc    at  present 
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51  Guernsey  and  Jersey  cows  under  test,  belonging  to  F. 
Lothrop  Ames  of  North  Easton,  N.  I.  Bowditch  of  Framing- 
liam,  W.  L.  Cutting  of  Pittsfield,  R.  F.  and  A.  H.  Parker 
of  Westborough,  A.  H.  Sagondorph  of  Spencer,  C.  1.  Hood 
of  Low(^ll,  A.  F.  Pierce  of  Winchester,  N.  11.,  and  11.  A. 
Sibley  of  Spencer. 

In  addition,  seven-day  butter  tests  are  occasionally  called 
for  by  the  Jersey  Cattle  Club,  in  which  case  it  becomes  neces- 
sary to  weigh,  sample  and  test  not  only  the  milk  but  the  skim 
milk,  buttermilk  and  butter ;  and  the  total  fat  in  the  three 
latter,  together  with  that  in  the  test  samples,  should  balance 
the  fat  in  the  original  milk,  with  the  exception  of  small  me- 
chanical losses.  The  butter  is  analyzed  at  the  station  labora- 
tory. Seven-day  tests  are  also  made  for  the  Holstein- 
Friesian  Association,  which  simply  calls  for  the  amount  of 
milk  and  butter  fat  produced  by  the  animal  during  that 
period. 

7.     Work  completed  and  in  Progress. 

In  addition  to  Bulletins  Nos.  93  and  98,  devoted  to  the 
inspection  of  feeding  stuffs,  this  department  has  published 
during  the  year  Bulletin  No.  94,  on  distillery  and  brewery 
by-products,  and  Bulletin  No.  99,  on  dried  molasses  beet 
pulp,  and  nutrition  of  horses.  An  experiment  has  been 
completed  on  the  use  of  dried  blood  as  a  source  of  protein 
for  milk  production,  showing  that  digestible  protein  in  this 
material  is  equal  in  feeding  value  to  a  similar  amount  in 
cotton-seed  meal.  An  experiment  has  also  been  completed 
with  Pratts  food  as  an  aid  to  milk  production.  The  results 
make  clear  that  the  claims  put  forward  by  the  manufacturers 
relative  to  the  wonderful  influence  of  this  food  in  increasing 
the  quantity  and  quality  of  milk  are  entirely  without  foun- 
dation. Bibby's  dairy  cake  has  also  been  compared  with 
gluten  feed  for  the  production  of  milk,  and,  while  the  results 
are  not  yet  entirely  tabulated,  it  is  quite  evident  that  the 
Bibby  cake  possesses  no  particular  merits  over  other  feed 
stuffs  of  a  similar  composition,  and  that  the  price  asked  is 
out  of  proportion  to  its  actual  feeding  value.  A  number  of 
experiments  have  been  in  progress  with  green  forage  crops, 
but,  as  the  results  at  present  are  only  of  a  tentative  charac- 
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ter,  they  will  not  be  published  until  it  is  possible  to  deduce 
more  definite  conclusions. 

Some  34  tons  of  corn  and  soy  beans  were  grown  together 
the  past  season  on  a  little  less  than  3  acres  of  land,  and  the 
fodder  ensiled.  The  silo  has  been  recently  opened,  the 
silage  appears  in  good  condition  and  is  readily  eaten.  It 
was  not  found  possible  to  cut  this  mixture  satisfactorily  with 
a  corn  harvester,  and  the  writer  is  forced  to  the  conclusion 
that,  until  this  can  be  accomplished,  it  will  be  doubtful 
economy  to  attempt  to  grow  it  to  any  extent  for  silage  pur- 
poses. It  is  believed  that  the  value  of  the  extra  protein 
obtained  is  more  than  offset  by  the  increased  cost  of  harvest- 
ing the  crop. 

Experiments  are  in  progress  relative  to  the  value  of 
molasses  and  molasses  feeds  as  food  for  dairy  stock  and 
horses,  and  will  occupy  a  considerable  portion  of  the  winter 
months.  Attention  is  called  to  the  several  completed  ex- 
periments published  in  Part  II.  of  this  report. 

8.  Changes  in  Staff. 
Mr.  W.  E.  Tottingham,  employed  in  this  department  as 
assistant  chemist  for  a  year,  resigned  September  1  to  con- 
tinue his  studies  in  the  chemical  department  of  the  college. 
His  Avork  was  very  satisfactory.  Mr.  E.  S.  Fulton  of  the 
class  of  1904  of  the  college  succeeded  Mr.  Tottingham.  Mr. 
S.  R.  Parker,  another  graduate  of  the  class  of  1904,  began 
his  duties  August  1  as  dairy  tester.  He  is  kept  constantl}'" 
employed  in  this  line  of  work. 
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Part  II.  —  Experimknts  in  Animal  Nutrition. 


1.     Digestion  Experiments  with  Sheep 


J.    B.    LINDSEY.^ 


This  station  has  given  considerable  time  and  study  to  the 
digestibility  of  coarse  and  concentrated  cattle  feeds.  The 
first  experiments  were  made  in  the  autumn  and  winter  of 
1892-93,  and  the  results  published,  together  with  a  descrip- 
tion of  the  method  employed,  in  the  eleventh  report  of  the 
Massachusetts  State  Experiment  Station.  The  results  of 
further  experiments  were  published  in  the  twelfth  report. 
A  summary  of  all  experiments  made  between  1894  and  1902 
will  be  found  in  the  fifteenth  report  of  the  Hatch  Experi- 
ment Station,  pp.  82-101.  Experiments  made  during  1902 
appeared  in  the  sixteenth  report  of  this  station . 

The  experiments  here  described  were  made  daring  the 
autumn  of  1903  and  winter  and  spring  of  1904.  The  full 
data  are  here  presented,  with  the  exception  of  the  daily  pro- 
duction of  manure  and  the  daily  water  consumption,  in  which 
cases,  to  economize  space,  only  averages  are  presented. 

The  period  extended  over  fourteen  days,  the  first  seven  of 
Avhich  were  preliminary,  collection  of  faeces  being  made 
durino^  the  last  seven.  Ten  o-rams  of  salt  Avere  fed  each 
sheep  daily,  in  addition  to  the  regular  ration.  Water  was 
before  the  animals  at  all  times. 

Two  lots  of  sheep,  grade  Southdown  wethers,  were  em- 
ployed in  the  several  trials,  known  as  the  old  and  the  young 
sheep.  The  former  were  five  to  six  years  of  age,  and  had 
been  used  by  the  station  for  a  number  of  years ;  the  latter 
were  dropped  in  1902,  and  were  employed  for  the  first  time 
during  the  autumn  and  winter  of  1903-04. 

1  With  E.  B.  Holland,  P.  H.  Smitli,  W.  E.  Tottingham  and  J.  G.  Cook. 
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The  digestion  coefficients  for  the  digestion  hay,  used  in 
calculating  the  results  of  the  several  experiments  with  the 
old  sheep,  were  those  obtained  with  Sheep  II.  and  HI., 
Sheep  I.  having  been  disposed  of  before  the  digestibility  of 
the  hay  was  determined. 

The  individual  coefficients  were  used  for  the  young  sheep, 
being  obtained  from  the  average  of  the  two  trials  in  the 
case  of  Sheep  I.  and  II.,  and  that  of  the  single  trial  for 

Sheep  HI. 

Hay  Coefficients  used  (Per  Cent.). 


Old  Slieep. 

Young  Sheep. 

I. 

II. 

III. 

Dry  matter,     . 

58.50 

49.89 

.54.34 

51.53 

Ash, 

22.00 

13.86 

22.60 

16.55 

Protein,    .... 

42.50 

37.37 

37.72 

36.66 

Fiber 

61.00 

49.98 

55.85 

.53.13 

Extract  matter, 

64.00 

56.29 

59.77 

57.02 

Fat, 

46.50 

38.54 

44.19 

36.97 

In  calculating  the  digestion  coefficients  when  English  hay 
was  used,  excepting  in  periods  IV.,  V.  and  XH.,  the  aver- 
age analysis  of  the  two  samples  of  hay  was  employed. 

Compositio7i  of  Feed  Stuffs  (^Per  Cent.). 
[Dry  matter.] 


Feeds. 

Ash. 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

Soy  bean  fodder, 

11.82 

20.03 

22.12 

42.55 

3.48 

Waste  soy  bean  fodder,  Slieep  II., 

8.64 

4.85 

55.47 

30.33 

.71 

Eureka  silage  corn  fodder,    .... 

6.19 

9.34 

27.41 

.55.52 

1.54 

Apple  pomace, 

3.05 

5.13 

16.10 

69.32 

6.40 

Cotton-seed  meal  fed  with  pomace, 

6.95 

.52.16 

5.88 

25.91 

9.10 

English  hay  fed  to  new  sheep, 

6.53 

6.23 

33.00 

52.27 

1.97 

Waste  English  hay.i  Sheep  III.,  fine  hay 

and  seeds. 
English  hay  fed  to  old  sheep, 

29.19 
G.35 

6.76 
6.24 

21.67 
31.95 

40.25 
.53.15 

2.13 
2.31 

Bibby's  dairy  cake, 

9.14 

23.52 

9.28 

48.06 

10.00 

Bibby'8  dairy  cake  (1903) 

8.38 

21.39 

9.19 

50.42 

10.62 

Alma  dried  molasses-beet-pulp,   . 

5.64 

9.87 

17.17 

66.74 

.58 

1  Contained  21.39  per  cent,  of  salt. 
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Composition  of  Feed  Stuffs  (Per  Cent.)  — Concluded. 
[Dry  matter.] 


Fekds. 

Ash. 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

Armour's  blood  meal 

3.37 

95.24 

.88 

- 

.51 

Corn  meal  fed  with  blood  meal,    . 

1.41 

9.87 

2.09 

82.25 

4.38 

Soy  bean  meal,  coarse  ground,     . 

5.73 

40.69 

4.71 

27.77 

21.10 

Hominy  feed, 

3.15 

11.66 

5.46 

70.11 

9.62 

Hominy  meal  (1903), 

3.38 

12.23 

4.97 

69.43 

9.99 

Eureka  silage  corn  fodder  (dry), 

7.85 

9.82 

32.70 

47.90 

1.73 

Waste  corn  stover,  Sheep  II., 

9.85 

9.16 

34.13 

45-07 

1.79 

English  hay,i 

6.46 

6.74 

32.28 

52.16 

2.. 36 

Waste  English  hay.  Sheep  I., 

6.94 

6.17 

32.72 

52.05 

2.12 

Waste  English  hay ,2  Sheep  11 .,     . 

14.99 

6.95 

27.41 

48.22 

2.43 

1  Used  in  Period  XII. 


2  Contained  7.38  per  cent,  of  salt. 


ComiJosition  of  Fceces  (Per  Cent.), 

[Dry  matter.] 
Old  Sheep  I. 


Period. 

Feeds. 

a 

1 

.a 

to 

s 

6^ 

I.,    . 

Soy  bean  fodder,      .... 

18.. 55 

8.62 

33.83 

35.99 

3.01 

II.,    . 

Eureka  silage  corn  fodder,    . 

9.87 

8.77 

33.67 

46.28 

1.41 

III.,    . 

Apple  pomace 

9.93 

18.53 

24.38 

40.21 

6.95 

XXVI.  (1903), 

Bibby's  dairy  cake. 

12.88 

14.93 

27.19 

41.62 

3.38 

XXVIII.  (1903), 

Hominy  meal, 

11.31 

13.41 

28.49 

43.33 

3.40 

Old  Sheep  II. 


I.,  . 

Soy  bean  fodder,      .... 

19.95 

9.44 

33.48 

34.05 

3.08 

II.,  . 

Eureka  silage  corn  fodder,    . 

11.47 

9.85 

31.70 

45.30 

1.68 

III.,  .     . 

Apple  pomace 

9.93 

17.97 

23.24 

41.07 

7.79 

v.,  . 

English  hay 

11.78 

8.42 

30.93 

46.03 

2.84 

VII.,    . 

Alma  dried  molasses-bcct-pulp,    . 

12., 37 

10.80 

29.21 

44.15 

3.47 

IX., 

Soy  bean  meal, 

12.87 

9.82 

29.50 

44.64 

3.17 

XI.,    . 

Eureka  silage  corn  fodder  (dry), . 

12.73 

11.58 

26.04 

47.87 

1.78 

XXVI.  (1903), 

Bibby's  dairy  cake, 

13.89 

14.86 

26.54 

41.23 

3.48 

XXVIII.  (1903), 

Hominy  meal 

12.91 

14.22 

25.99 

43.21 

3.67 

48 


lixVTCH   EXPERIMENT    STATION. 


[Jan. 


Composition  of  Fceces  (Per  Cent.)  — Concluded. 
[Dry  matter.] 
Old  Sheep  III. 


Period. 

Feeds. 

< 

a 

S 
o 
u 

Pi 

u 
-2 

I.,    . 

Soy  bean  fodder 

19.96 

9.34 

32.18 

35.34 

3.18 

11.,    . 

Eureka  silage  corn  fodder,    . 

10.92 

9.14 

32.41 

45.89 

1.64 

III.,    . 

Apple  pomace 

11.44 

20.82 

19.82 

40.40 

7.52 

v.,  . 

English  hay, 

12.15 

9.01 

29.49 

46.18 

3.17 

VII.,    . 

Alma  dried  molasses-beet-pulp,    . 

12.51 

11.21 

27.82 

45.04 

3.42 

IX.,    . 

Soy  bean  meal 

12.02 

10.67 

26.56 

46.96 

3.79 

XI.,    . 

Eureka  silage  corn  fodder  (dry), . 

12.79 

11.84 

25.27 

48.29 

1.81 

XXVI.  (U)o;i), 

Bibby's  dairy  cake 

13.93 

15.59 

24.63 

41.87 

3.98 

XXVIII.  (1903), 

Hominy  meal 

13.06 

14.88 

24.06 

43.41 

4.59 

Young  Sheep  I. 


IV 

English  hay, 

11.16 

7.86 

32.51 

45.75 

2.72 

VI 

Bibby's  dairy  cake 

12.62 

11.19 

30.20 

43.41 

2.58 

Vlll.,. 

Armour's  blood  meal. 

10.64 

13.03 

31.49 

42.29 

2.55 

X.,. 

Marshall's  hominy  feed. 

10.98 

10.81 

29.89 

45.47 

2.86 

XII.,. 

English  hay, 

11.12 

8.38 

32.64 

45.34 

2.52 

Young  Sheep  II. 


IV 

English  hay, 

10.70 

8.40 

31.51 

46.74 

2.65 

VI.,  . 

Bibby's  dairy  cake, .... 

12.03 

12.50 

30.29 

42.61 

2.57 

VIII 

Armour's  blood  meal. 

10.47 

15.57 

29.30 

42.23 

2.43 

X., . 

Marshall's  hominy  feed, 

10.72 

11.30 

30.08 

45.36 

2.54 

XII 

English  hay, 

11.21 

9.26 

31.72 

45.24 

2.57 

IV., 

VI., 

X., 


Young  Sheep  III. 


English  hay, 
Bibby's  dairy  cake,  . 
Marshall's  hominy  feed. 


10.02 

7.97 

32.20 

46.40 

12.90 

n.08 

31.30 

42.30 

10.62 

9.97 

30.60 

46.14 

11)05.] 
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Dry  Mailer  Delerniinalions  made  al  Time  of  Weighing  oul  llie  Different 
Foods,  and  Dry  Matter  in  Manure  excreted,  determined  from  Air- 
dry  Foiccs  (Per  Cent.). 

Old  Sheep  I. 


<i>   . 

. 

-d  — 

p  h 

t^ 

Periods. 

C3 

a 
o 

as 

.2s 

a 
a 

So 

"S 

ft 

a 

PP 
>-> 

o 

_2 

"p. 

a 
2 

— '<=;  a 

3 

S 
o 

1 

05 

W 

w 

< 

o 

<^ 

r/2 

W 

fp 

a 

S 

I.,    . 

87.27 

23.94 

- 

- 

- 

- 

- 

- 

- 

91.02 

II.,    . 

- 

- 

17.42 

- 

- 

- 

- 

- 

- 

- 

- 

89.82 

III.,    . 

87.05 

- 

- 

19.83 

89.34 

- 

- 

- 

- 

- 

- 

92.28 

XXVI.   (1903), 

88.82 

- 

- 

- 

- 

- 

- 

- 

89.80 

- 

- 

92.43 

XXVIII.   (1903), 

88.25 

- 

- 

- 

- 

- 

- 

- 

- 

88.48 

- 

92.98 

Old  Sheep  II. 


I-. 

87.27 

23.94 

- 

- 

- 

- 

- 

- 

- 

- 

96.37 

90.82 

II., 

- 

- 

17.42 

- 

- 

- 

- 

- 

- 

- 

- 

89.93 

III., 

87.05 

- 

- 

19.83 

89.34 

- 

- 

- 

- 

- 

- 

92.00 

v., 

88.10 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

92.50 

VII., 

87.82 

- 

- 

- 

92.62 

- 

- 

- 

- 

93.55 

IX., 

88.37 

- 

- 

- 

- 

- 

86.96 

- 

- 

- 

94.42 

XI. 

- 

- 

- 

- 

- 

- 

- 

40.08 

- 

- 

51.19 

93-84 

XXVI. 

(lt)03). 

88.82 

- 

- 

- 

- 

- 

- 

89.80 

- 

- 

92.66 

XXVIII. 

(1903), 

88.25 

- 

- 

- 

- 

- 

- 

- 

88.48 

- 

92.54 

Old  Sheep  III. 


I.,  . 

87.27 

23.94 

- 

- 

- 

- 

- 

- 

- 

- 

90.77 

II.,  . 

- 

17.42 

- 

- 

- 

- 

- 

- 

- 

- 

89.81 

III.,   . 

87.05 

- 

- 

19.83 

89.34 

- 

- 

- 

- 

- 

- 

91.88 

v.,   . 

88.10 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

92.56 

VII.,     . 

87.82 

- 

- 

- 

_ 

92.62 

- 

- 

- 

- 

- 

93.60 

IX.,     . 

88.37 

- 

- 

- 

- 

- 

86.96 

- 

- 

- 

- 

94.61 

XI.,    . 

- 

- 

-• 

- 

- 

- 

- 

40.08 

- 

- 

- 

93.84 

XXVI.    (U)03), 

88.82 

- 

- 

- 

- 

- 

- 

89.80 

- 

- 

92.84 

XXVIII.   (1903), 

88.25 

- 

- 

- 

- 

- 

- 

- 

88.48 

92.91 
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Dry  Matter  Determinations,  etc.  —  Concluded. 
Young  Sheep  I. 


Periods. 

English 
liay. 

Bibby'8 
Dairy 
Cake. 

Armour's 
Blood 
Meal. 

Corn 
Meal. 

Marshall's 

Hominy 

Feed. 

Waste. 

]Manure. 

IV.,     . 

VI.,      . 

VIII.,      . 

X.,      . 

XII.,      . 

87.90 
88.05 
87.85 
89.30 

89.77 

89.45 

88.70 

8fi.l3 

88.53 

86.65 

87.00 

93.36 
93.78 
93.45 
94.06 
93.22 

Young  Sheep  II. 


IV.,      . 

87.90 

- 

- 

- 

- 

- 

93.27 

VI.,      . 

88.05 

89.45 

- 

- 

- 

- 

93.55 

VIII.,      . 

87.85 

- 

88.70 

86.13 

- 

- 

93.33 

X.,      . 

89.30 

- 

- 

88.53 

- 

93.78 

XII.,      . 

89.77 

- 

- 

87.80 

92.84 

Young  Sheep  III. 

IV.,         .        . 

87.90 

- 

- 

- 

- 

88.50 

93.25 

VI., 

88.05 

89.45 

- 

- 

- 

- 

94.16 

X., 

89.. 30 

- 

- 

- 

88.53 

87.80 

94.08 

11)0").] 
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ei 
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Period  I. 
Old  Sheep  I. 


CO 

< 

a 

'3 

o 
u 

Ph 

0) 

toil 

'A 

^ 

400  grams  English  hay 

2,000  grams  soj^  bean  fodder, 

349.08 

478.80 

22.48 
56.59 

21.78 

95.90 

113.38 
105.91 

183.97 
203.73 

7.47 
16.66 

Amount  consumed 

350.87  grams  manure  excreted,         .... 

827.88 
319.86 

79.07 
59.24 

117.68 
27.53 

219.29 
108.04 

387.70 
114.94 

24.13 
9.61 

Grams  digested 

Minus  hay  digested, 

508.52 
204.21 

19.83 
4.95 

90.15 
9.26 

111.25 
69.16 

272.76 
117.74 

14.52 
3.47 

Soy  Ijean  fodder  digested 

Per  cent,  digested, 

304.31 
63.56 

14.88 
26.29 

80.89 
84.35 

42.09 
39.74 

155.02 
76.09 

11.05 
66.33 

Old  Sheep  II. 


2,000  grams  soy  bean  fodder  fed, 
Minus  36  grams  waste. 

478.80 
34.69 

56.59 
3.00 

95.90 
1.69 

105.91 
19.24 

203.73 
10.52 

16.66 
.25 

Soy  bean  fodder  consumed, 
400  grams  English  hay, 

444.11 

.349.08 

53.59 
22.48 

94.22 
21.78 

86.67 
113.38 

193.21 
183.97 

16.41 

7.47 

Amount  consumed, 
342.59  grams  manure  excreted. 

773.19 
311.14 

76.07 
62.07 

116.00 
29.37 

200.05 
104.17 

377.18 
105.94 

23.88 
9.58 

Grams  digested,    . 
Minus  hay  digested,    . 

482.05 
204.21 

14.00 
4.95 

86.63 
9.26 

95.88 
69.16 

271.24 
117.74 

14.30 
3.47 

Soy  bean  digested. 
Per  cent,  digested. 

277.84 
62.51 

9.05 
16.89 

77.37 
82.12 

26.72 
30.83 

153.50 
79.45 

10.88 
66.00 

Old  Sheep  III. 


Amount  consumed  same  as  for  Sheep  I. 
346.71  grams  manure  excreted, 

Grams  digested,    . 
Minus  hay  digested,    . 

Soy  bean  fodder  digested,   . 

Per  cent,  digested, 

Average  per  cent,  three  sheep  digested. 


.S27.S8 
314.71 


513.17 
204.21 


308.96 
64., 53 


63.53 


79.07 
62.82 


16.25 
4.95 


11.30 
19.97 


21.05 


117.68 
29.39 


88.29 
9.26 


79.03 
82.41 


82.96 


219.29 
101.27 


118.02 
69.16 


48.86 
46.13 


38.90 


387.70 
111.22 


276.48 
117.74 


158.74 
77.92 


77.82 


24.13 
10.01 


14.12 

3.47 


10.65 
&3.93 


65.42 
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Period  II. 
Old  Sheep  I. 


< 

0) 

3,400  grams  Eureka  silage  com,       .... 
235.29  grams  manure  excreted,         .... 

592.28 
211.34 

36.66 

20.86 

55.32 
18.53 

162.34 

71.16 

328.83 

97.81 

9.12 

2.98 

Grams  digested, 

Percent,  digested, 

380.94 
64.32 

15.80 
43.10 

36.79 
66.50 

91.18 
56.17 

231.02 
70.26 

6.14 
67.32 

Old  Sheep  II. 

3,400  grams  Eureka  silage  corn, 

592.28 

36.66 

55.32 

162.34 

328.83 

9.12 

207.01  grams  manure  excreted. 

186.16 

21.35 

18.34 

59.01 

84.33 

3.13 

Grams  digested,    . 

406.12 

15.31 

36.98 

103.33 

244.. 50 

5.99 

Per  cent,  digested. 

.... 

68.57 

41.76 

66.85 

63.65 

74.35 

65.68 

Old  Sheep  III. 


3,400  grams  Eureka  silage  corn,       .... 
217.69  grams  manure  excreted 

592.28 
195.51 

36.66 
21.35 

55.32 

17.87 

162.34 
63.36 

328.83 
89.72 

9.12 
3.21 

Grams  digested, 

Per  cent,  digested, 

396.77 
66.99 

15.31 
41.76 

37.45 
67.70 

98.98 
60.97 

239.11 

72.72 

5.91 
64.80 

Average  per  cent,  three  sheep  digested,  . 

66.63 

42.21 

67.02 

60.26 

72.44 

65.93 

1905.] 
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Period  III. 
Old  Sheep  I. 


03 
Pi 

•S 

q 

s 

o 

iS 

05 

i 

250  grams  English  hay, 

150  grains  cotton-seed  meal 

•2,000  grams  apple  pomace 

•217.63 
134.01 
396.60 

14.02 
9.31 

12.10 

13.58 
69.90 
20.35 

70.69 

7.88 
63.85 

114.69 
34.72 
274.92 

4.66 
12.19 

'25.38 

Amount  consumed 

272.89  grams  manure  excreted,        .... 

748.24 
•251.82 

35.43 
'25.01 

103.83 
46.66 

142.42 
61.39 

424.33 

101.26 

42.23 

17.50 

Grams  digested, 

Minus  hay  digested 

496.42 
127.31 

10.42 
3.08 

57.17 

5.77 

81.03 
43.12 

3'23.07 
73.40 

24.73 
2.17 

Minus  cotton-seed  meal  digested,     .... 

369.11 
101.85 

7.34 
2.23 

51.40 
61.51 

37.91 
2.52 

•249.67 
22.22 

22.56 
11.. 34 

Apple  pomace  digested 

Per  cent,  digested, 

■267.26 
67.39 

5.11 
42.23 

- 

35.39 
55.43 

•227.45 

82.73 

11.  •22 
44.21 

Old  Sheep  II. 


Amount  consumed  as  above, 

246.76  grams  manure  excreted,         .... 

748.24 
•227.02 

35.43 
•22.54 

103.83 
40.80 

142.42 
52.76 

424.33 
93.24 

42.33 

17.68 

Grams  digested 

Minus  hay  and  cotton-seed  meal  digested,     . 

521.22 

■229.16 

12.89 
5.31 

63.03 

67.28 

89.66 
45.64 

331.09 
95.62 

•24.55 
13.. 51 

Apple  pomace  digested, 

Ter  cent,  digested 

■292.06 
73.64 

7.58 
62.64 

- 

44.02 
68.94 

•235.47 
85.65 

11.04 
43.50 

Old  Sheep  III. 


Amount  consumed  as  above, 

259.46  grams  manure  excreted,        .... 

748.24 
238.39 

35.43 

'27. '27 

103.83 
49.63 

142.42 

47.^25 

4^24.33 
96.31 

42. '23 

17.93 

Grams  digested 

Miniis  hay  and  cotton-seed  meal  digested,     . 

509.85 
•2^29.16 

8.16 
5.31 

54. '20 
67.28 

95.17 
45.64 

3^28.02 
95.62 

'24.30 
13.51 

Apple  pomace  digested, 

Per  cent,  digested 

•280.69 
70.77 

2.S5 
23.55 

_ 

49.53 

77..57 

2:«.40 
84.. 53 

10.79 
42.. 51 

Average  per  cent,  three  sheep  digested,  . 

70.60 

42.81 

- 

67.31 

84.30 

43.41 

5f) 


HATCH   EXPERIMENT    STATION 


[Jan. 


Period  IV. 
Young  Sheep  I. 


a  ■-' 


850  grams  English  hay, 
Minus  35.86  grams  waste,  . 

Amount  consumed, 
397.61  grams  manure  excreted, 

Grams  digested,    . 

Per  cent,  digested, 


r47.15 
31.07 


716.08 
371.21 


48.79 

2.03 

46.76 

41.43 


46.55 
1.94 


246.56 
10.25 


390.54 
16.24 


14.72 

.61 


44.61 
29.18 


236.31 
120.68 


374.30 
169.83 


14.11 
10.10 


344.87 
48.16 


0.33 
11.40 


15.43 
34.59 


115.63 
48.93 


204.47 
.54.63 


4.01 

28.42 


Yoting  Shepp  II. 

850  grams  English  hay, 

747.15 

48.79 

46.  .55 

246.56 

390.. 54 

14.72 

374.71  grams  manure  excreted, 

349.49 

37.40 

29.36 

110.12 

163.35 

9.26 

Grams  digested,    . 

397-66 

11.. 39 

17.19 

136.44 

227.19 

5.46 

Per  cent,  digested, 

53.22 

23.34 

36.93 

55.. 34 

.58.17 

37.09 

Yoicng  Sheep  III. 


850  grams  English  liay, 
Minus  56.29  grams  waste,  . 

Amount  consumed, 
368.01  grams  manure  excreted, 

Grams  digested,    . 

Per  cent,  digested, 

Average  per  cent,  three  sheep  digested. 


747.15 
39.16 


07.99 
343.1 


364.82 
51.. 53 


50.97 


48.79 
3.89 


44.90 
37.47 


7.43 
16.. 55 


17.10 


46.55 
3.3 


246.56 
10.80 


43.18 
27.35 


15.83 
36.66 


36.06 


390.54 
20.05 


235.76 
110.. 50 


125.26 
,53.13 


52.47 


370.49 
159.23 


211.26 

57.02 


56.61 


14.72 

1.06 


13.66 

8.61 


5.05 
36.97 


34.16 


1905.]  PUBLIC   DOCUMENT  — No.    a.S. 


57 


Period   V. 
Old  Sheep  II. 


u 

Ol 

Q 

o 

Si 

p-( 

do 

.■gw 

£ 

iXM)  grams  English  hay 

369.38  grams  manure  excreted,          .... 

3tl.68 

50.35 
40.25 

49.48 

28.77 

253.33 

105.68 

421.43 

157.28 

18.32 
0.70 

Grams  digested, 

Per  cent,  digested, 

4.-J1.22 
.56.91 

10.10 
20.06 

20.71 
41.86 

147.65 

58.28 

264.15 

62.68 

8.62 
47.05 

Old  Sheep  III. 


900  grams  English  hay, 

.339.15  grams  manure  excreted,         .... 

792.90 
313.92 

478.98 
60.41 

.50.35 
38.14 

49.48 

28.28 

253.33 

92., 58 

421.43 
144.97 

18.32 
9.95 

Grams  digested 

Per  cent,  digested, 

12.21 
24.25 

21.20 
42.85 

160.75 
ra.45 

276.46 
65.60 

8.37 
45.69 

Average  per  cent,  two  slieep  iligested,    . 

58.66 

22.16 

42.36 

60.87 

64.14 

46.37 

58 


HATCH   EXPERIMENT   STATION. 


[Jan. 


Per'iod  VI. 
Young  Sheep  I. 


1 

a 
'53 

2 

<U  OS 

1^; 

600  grams  English  hay, 

200  gi-ams  Bibby's  dairy  cake,  .... 

528.30 
178.90 

34.02 
16.35 

32.97 

42.08 

171.59 
16.60 

278.41 

85.98 

11.31 

17.89 

Amount  consumed, 

324.71  grams  manure  excreted, 

707.20 
304.51 

50.37 
38.43 

75.05 
34.07 

188.19 
91.96 

364.39 
132.19 

29.20 
7.86 

Grams  digested, 

Minus  hay  digested, 

402.69 
263.57 

11.94 

4.72 

40.98 
12.32 

96.23 
85.76 

232.20 
156.72 

21.34 
4.36 

Bibby's  dairy  cake  digested. 

Per  cent,  digested 

139.12 

77.76 

7.22 
44.16 

28.66 
68.11 

10.47 
63.07 

75.48 
87.79 

16.98 
94.91 

Young  Sheep  II. 


Amount  consumed  as  above, 

325.20  grams  manure  excreted,         .... 

707.20 
304.22 

50.37 
36.60 

75.05 
38.03 

188.19 
92.15 

364.39 
129.63 

29.20 

7.82 

Grams  digested, 

Minus  hay  digested, 

402.98 

287.08 

13.77 
7.69 

37.02 
12.44 

96.04 
95.83 

234.76 
166.41 

21.38 
5.00 

Bibby's  dairy  cake  digested 

Per  cent,  digested, 

115.90 
64.78 

6.08 
37.19 

24.58 
58.41 

.21 
1.27 

68.35 
79.50 

16.38 
91.56 

Young  Sheep  III. 


Amount  consumed  as  above, 

329.87  grams  manure  excreted,         .... 

707.20 
310.61 

.50.37 
40.07 

75.05 
34.42 

188.19 
97.22 

364.39 
131.57 

29.20 
7.33 

Grams  digested 

Minus  hay  digested 

396.59 
272.23 

10.30 
5.63 

40.63 
12.09 

90.97 
91.17 

232.82 
158.75 

21.87 
4.18 

Bibby's  dairy  cake  digested,      .... 
Per  cent,  digested 

24.36 
69.51 

4.67 
28.56 

28.54 
67.82 

.80 

74.07 
86.15 

17.69 

98.88 

Average  per  cent,  three  sheep  digested,  . 

70.68 

36.64 

64.78 

32.17 

84.48 

95.12 

iyo5.] 


PUBLIC   DOCUMENT  — No.   88. 


59 


Period  VII. 
Old  Sheep  11. 


u 
S 

u 

Q 

< 

2 

Ph 

u 

0) 

C3 

600  grams  English  hay, 
300  grams  beet  pulp,    . 

526.92 

277.86 

33.93 

15.67 

32.88 
27.42 

171.14 

47.71 

277.69 
185.44 

11.28 
1.61 

Amount  consumed, 
271.34  grams  manure  excreted, 

804.78 
253.84 

49.60 
31.40 

60.30 
27.41 

218.85 
74.15 

463.13 

112.07 

12.89 
8.81 

Grams  digested,    . 
Minus  hay  digested,    . 

550.94 
308.25 

18.20 
7.46 

32.89 
13.97 

144.70 
104.40 

351.06 
177.72 

4.08 
5.25 

Beet  pulp  digested, 
Per  cent,  digested, 

241.69 
86.98 

10.74 
68.54 

18.92 
69.00 

40.30 

84.47 

173.34 
93.47 

- 

Old  Sheep  III. 


Amount  consumed  as  above 

286.94  grams  manure  excreted,         .... 

804.78 
268.58 

49.60 
33.60 

60.30 
30.11 

218.85 
74.72 

463.13 
120.97 

12.89 
9.19 

Grams  digested 

Minus  hay  digested, 

536.20 
308.25 

16.00 

7.46 

30.19 
13.97 

144.13 
104.40 

342.16 
177.72 

3.70 
5.25 

Beet  pulp  digested 

Per  cent,  digested,        .       .       .       . 

227.95 
82.04 

8.54 
54.50 

16.22 
59.15 

39.73 
83.27 

164.44 

88.68 

_ 

Average  per  cent,  two  sheep  digested,    . 

84.51 

61.52 

64.08 

83.87 

91.08 

- 

60 


HATCH   EXPEMMEXT   STATION. 


[Jtui. 


Period  VIII. 
Young  Sheep  I. 


< 

'3 

o 
u 

Ph 

u 

E 

o 

'A 

C5 

600  grams  English  hay, 

100  grams  corn  me^al 

100  grams  Armour's  blood  meal,      .... 

527.10 
86.13 
88.70 

33.95 
1.21 
2.99 

32.89 

8.50 

84.48 

171.20 

1.80 

..78 

277.78 
70.84 

11.28 

3.77 

.45 

Amount  consumed 

278.77  grams  manure  excreted, 

701.93 
260.51 

38.15 
27.72 

125.87 
33.94 

173.78 
82.03 

348.62 
110.17 

15.50 
6.64 

Grams  digested 

Minus  haj'  digested 

441.42 
262.97 

10.43 
4.71 

91.93 
12.29 

91.75 
85.57 

238.45 
156.36 

8.86 
4.35 

Minus  corn  meal  digested, 

178.45 
76.66 

5.72 

79.64 
5.95 

6.18 

82.09 
66.59 

4.51 
3.43 

Blood  meal  digested, 

Per  cent,  digested, 

101.79 
100.+ 

- 

73.69 
88.41 

- 

15.50 

1.08 

Young  Sheep  II. 


Amount  consumed  as  above 

277.21  grams  manure  excreted,         .... 

701.93 
258.72 

38.15 
27.09 

125.87 
40.28 

173.78 

75.80 

348.62 
109.26 

15.50 

6.29 

Grams  digested, 

Minus  hay  and  corn  meal  digested^ 

443.21 
363.09 

11.06 
7.67 

85.59 
18.36 

97.98 
95.62 

239.36 
166.03 

9.21 
4.98 

Blood  meal  digested 

Per  cent,  digested, 

80.12 
90.33 

3.39 

67.23 

79.58 

2.36 

73.33 

4.23 

Average  per  cent,  two  sheep  digested,     . 

- 

- 

84.00 

- 

- 

- 

1U05.] 
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61 


Period  IX. 
Old  Sheep  II. 


i 

< 

.a 
1 

I 
a  u 

700  grams  English  haj-, 

200  grams  soy  bean  meal 

618.59 
173.92 

39.84 
9.97 

38.59 

70.77 

200.92 

8.19 

326.00 
48.30 

13.24 
36.70 

Amount  consumed 

'274.77  grams  manure  excreted, 

792.51 
259.44 
533.07 
361.88 

49.81 
33.39 

109.36 
25.48 

209.11 
76.53 

374.30 
115.81 

49.94 

8.22 

Grams  digested, 

Minus  hay  digested, 

16.42 
8.76 

83.88 
16.40 

132.58 
122.56 

258.49 
208.64 

41.72 
6.^6 

Soy  bean  meal  digested 

Per  cent,  digested, 

171.19 
98.43 

7.66 
76.83 

67.48 
95.35 

10.02 
122.20 

49.85 
103.20 

35.56 

96.89 

Old  Sheep  III 


Amount  consumed  as  above, 

306.24  grams  manure  excreted,         .... 

792.51 

289.73 

49.81 
34.83 

109.36 
30.91 

209.11 
76.95 

.374.30 
136.06 

49.94 
10.98 

Grams  digested, 

Minus  hay  digested 

502.78 
361.88 

14.98 

8.76 

78.45 
16.40 

132.16 
122.56 

238.24 

208.64 

38.96 
6.16 

Soy  bean  meal  digested, 

Per  cent,  digested, 

140.90 
81.01 

6.22 

62.39 

62.05 

87.68 

9.60 
104.90 

29.60 
61.28 

32.80 
89.37 

Average  per  cent,  two  sheep  digested,    . 

89.72 

69.61 

91.51 

113.55 

82.24 

93.13 

62 


HATCH   EXPERIMENT    STATION. 


[Jan. 


Period  X. 
Young  Sheep  I. 


1 

i 

'S 

2 

o 

p'v 
fcch 

^ 

550  grams  English  h;iy 

250  grams  hominy  feed, 

491.15 
•2-21.33 

31.63 
6.97 

30.65 
'25.81 

159.53 
12.08 

258.84 
155.17 

10.51 
•21. '29 

Amount  consumed,       ..... 
'-J!)4.91  grams  manure  excreted, 

71-2.48 
-277.39 

38.60 
30.46 

56.46 
29.99 

171.61 
82.91 

414.01 
126.13 

31.80 
7.91 

Grams  digested, 

Minus  hay  digested 

435.09 
244.93 

8.14 
4.38 

'26.47 
11.45 

88.70 
79.73 

-287.88 
145.70 

23.89 
4.05 

Hominy  feed  digested,         .... 
Per  cent,  digested,        .        . 

190.16 

&5.87 

3.76 
53.95 

15.02 
58.19 

8.97 
74.25 

142.18 
91.63 

19.84 
93.19 

Young  Sheep  II. 


Amount  consumed  as  above, 

291.64  grams  manure  excreted,          .... 

712.48 

-273.50 

38.60 
29.32 

56.46 
30.91 

171.61 

82. '27 

414.01 
1'24.06 

31.80 
6.95 

Grams  digested 

Minus  hay  digested, 

438.98 
'266.89 

9. '28 
7.15 

'25.55 
11.56 

89.34 
89.10 

289.95 
154.71 

24.85 
4.64 

Hominy  feed  digested, 

Per  cent,  digested 

172.09 

77.75 

2.13 
30.56 

13.99 
54.20 

.24 
1.99 

135.24 
87.16 

20.21 
94.88 

Young  Sheep  III. 


550  grams  English  hay, 
Minus  8.86  grams  Avaste  hay,    . 

491.15 

7.78 

- 

- 

- 

- 

- 

Total  hay  consumed,    . 
250  grams  hominy  feed. 

483.37 
'221.33 

31.13 
6.97 

30.16 
'25.81 

157.00 
12.08 

-254.74 
155.17 

10.34 
21.29 

Amount  consumed, 
308.66  grams  manure  excreted. 

704.70 
290.. 39 

38.10 
.30.84 

,55.97 
28.95 

169.08 
88.86 

409.91 
133.99 

31.63 

7.75 

Grams  digested,    . 
Minus  hay  digested,    . 

414.31 

249.08 

7.26 
5.15 

'27.02 
11.06 

80. '22 
83.41 

'275.92 
145. '25 

23.88 
3.82 

Hominy  feed  digested, 
Per  cent,  digested, 

165.23 
74.  K) 

2.11 

30.27 

15.96 
61.84 

~ 

130.67 
84.21 

20.06 
94.-22 

Average  per  cent,  three  sheep  d 

gest 

ed. 

79.42 

38.26 

58.08 

38.12 

87.67 

94.10 

1905.] 
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63 


Period  XI. 
Old  Sheep  II. 


03 

< 

c 

2 

a  a 
2t< 

>5 

1,200  grams  Eureka  silage  corn  fodder  (dry), 
Minus  96.86  grams  waste, 

480.96 
49.58 

37.76 

4.88 

47.23 
4.54 

157.27 
16.92 

230.38 
22.35 

8.32 
.89 

Amount  consumed 

166.06  grams  manure  excreted 

431.38 
155.83 

32.88 
19.84 

42.69 
18.05 

140.35 

40.58 

208.03 
74.60 

7.43 

2.77 

Grams  digested 

Per  cent,  digested 

275.55 

63.88 

13.04 
39.66 

24.64 
57.72 

99.77 
71.09 

133.43 
64.14 

4.66 
62.72 

Old  Sheep  III. 


1,200  grams  Eureka  silage  corn  fodder  (dry), 
185.54  grams  manure  excreted 

480.96 
174.11 

37.76 
22.27 

47.23 
20.61 

1.57.27 
44.00 

230.38 

84.08 

8.32 
3.15 

Grams  digested 

Per  cent,  digested, 

306.85 
63.80 

15.49 
41.02 

26.62 
56.36 

113.27 
72.02 

146.30 
63.50 

5.17 
62.14 

Average  per  cent,  two  sheep  digested,     . 

63.84 

40.34 

57.04 

71.56 

63.82 

62.43 

64 


HATCH   EXPERIMENT   STxiTION. 


[Jan. 


Period  XII. 
Young  Sheep  I. 


m 

< 

a 
2 

^ 
a 

S 

'A 

6m 

800  grams  English  hay,       .       .       . 

Minus  48.57  grams  M'aste, 

718.16 
42.26 

46.39 
2.93 

48.40 
2.61 

231.82 
13.83 

374.59 
22.(50 

16.95 

.90 

Amount  consumed 

350.83  grams  manure  excreted 

675.90 
327.04 

43.46 
36.37 

45.79 
27-41 

217.99 
106.75 

352.59 

148.28 

16.05 
8.24 

Grams  digested, 

Per  cent,  digested, 

348.86 
51.61 

7.09 
16.31 

18.38 
40.14 

111.24 
51.03 

204.31 
57.95 

7.81 
48.66 

Young  Sheep  II. 


800  grams  English  hay. 
Minus  32.57  grams  waste,  . 

Amount  consumed, 
331.97  grams  manure  excreted, 

Grams  digested,    . 

Per  cent,  digested. 

Average  per  cent,  two  sheep  digested. 


718.16 
26.2' 


691.89 
308.20 


383.69 
55.46 


53.54 


46.39 
2.18 


44.21 
34.55 


9.66 
21.85 


19.08 


48.40 
1.99 


46.41 

28.54 


17.84 
38.. 50 


39.32 


231.82 

7.84 


223.98 
97.76 


126.22 
56.35 


53.69 


374.59 
13.79 


360.80 
139.43 


221.37 
61.36 


59.66 


16.95 
.69 


16.26 
7.92 


8.34 
51.29 


49.98 


1905.] 
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Period  XXVI.  {1903). 
Old  Sheep  I. 


< 

a 

1 

Pi 

el's 

.■Sw 
•a 

1^ 

650  grams  hay 

250  grams  Bibby's  dairy  cake,  . 

.577.33 
2-24.50 

44.05 

18.81 

69.45 
48.02 

182.44 
20.63 

264.94 
113.19 

16.45 

23.84 

Total  consumed, 

318.61  grams  manure  excreted, 

801.83 
294.49 

62.86 
37.93 

117.47 
43.97 

203.07 
80.07 

378.13 
122.57 

40.29 
9.95 

Amount  digested,          .... 
Minus  liay  digested, 

507.34 
369.49 

24.93 
19.82 

73.50 
43.75 

123.00 
122.23 

255.  .56 
174.86 

30.34 

8.88 

Bibby's  dairy  calce  digested, 

Per  cent,  digested,        .... 

137.85 
61.40 

5.11 

27.16 

29.75 
61.95 

.77 

80.70 
71.29 

21.46 
90.02 

Old  Sheep  II. 


Total  consumed  as  above,  . 
271.31  grams  manure  excreted, 

Amount  digested,  . 
Minus  hay  digested,    . 

Bibby's  dairy  cake  digested, 

Per  cent,  digested. 


801.83 
251.40 


.550.43 
369.49 


180.94 
80.59 


62.86 
34.92 


27.94 
19.82 


8.12 
43.17 


117.47 
37.36 


80.11 
43.75 


36.36 
75.72 


203.01 
66.7-; 


378.13 
103.65 


136.35 
122.23 


14.1 

68.44 


274.48 
174.86 


99.62 
88.01 


40.29 

8.75 


31.54 

8.88 


22.66 
95.05 


Old  Sheep  III. 


Total  consumed  as  above, 

306.77  grams  manure  excreted,         .... 

801.83 
284.81 

62.86 
.39.67 

117.47 
44.40 

203.07 
70.15 

378.13 
119.25 

40.29 
11. .34 

Amount  digested 

Minus  hay  digested 

517.02 
369.49 

23.19 

19.82 

73.07 
43.75 

132.92 
122.23 

2,58.88 
174.86 

28.95 

8.88 

Bibby's  dairy  cake  digested 

Per  cent,  digested, 

147.53 

65.71 

3.37 
17.92 

29.32 
61.06 

10.69 
.51.82 

84.02 
74.23 

20.07 
S4.19 

Average  per  cent,  three  sheep  digested,  . 

69.23 

29.42 

68.24 

60.13 

77.84 

89.75 
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Period  XXVIII.   (1903). 

Old  Sheep  I. 


600  grams  hay,      .       .       .       . 
300  grams  hominy  meal, 

Total  consumed,    . 
287.33  grams  maniire  excreted. 

Amount  digested, 
Minus  hay  digested,    . 

Hominy  meal  digested, 

Per  cent,  digested. 


529.50 
265.44 


40.40 

8.9' 


63.70 
32.46 


167.32 
13.19 


242.99 
184.29 


794.94 
267.10 


49.37 
30.22 


96.16 
.35.83 


180.51 
76.11 


427.28 
115.76 


15.09 
26.. 52 


41.61 
9.24 


.527.78 
338.88 


19.15 

18.18 


60.33 
40.13 


104.40 
112.10 


311.52 
160.. 37 


32.37 
8.15 


188.90 
71.16 


.97 
10.81 


20.20 
62.23 


1,51.15 
82.02 


24.22 
91.33 


Old  Sheep  II. 


Total  consumed  as  above 

262.46  grams  manure  excreted,         .... 

794.94 

242.88 

49.37 
31.36 

96.16 
34., 54 

180.51 
63.12 

427.28 
104.95 

41.61 
8.91 

Amount  digested, 

Minus  hay  digested 

,5.52.06 

338.88 

18.01 
18.18 

61.62 
40.13 

117.39 
112.10 

322.23 
160.37 

32.70 
8.15 

Hominy  meal  digested, 

Per  cent,  digested, 

213.18 
80.31 

- 

21.49 
66.20 

5.29 
40.11 

161.96 

87.88 

24., 55 

92.57 

Old  Sheep  III. 


Total  consumed  as  above, 

231.44  grams  manure  excreted,         .... 

794.94 
215.03 

49.37 

28.08 

96.16 
.32.00 

180.. 51 
.51.74 

427.28 
93.34 

41.61 

9.87 

Amount  digested, 

Minus  hay  digested, 

.579.91 

338.88 

21.29 

18.18 

64.16 
40.13 

128.77 
112.10 

.333.94 
160.37 

31.74 
8.15 

Hominy  meal  digested 

Per  cent,  digested 

241.03 

90.80 

3.11 

.34.67 

24.03 
74.03 

16.67 
126.38 

173.. 57 

94.18 

23.59 

88.95 

Average  per  cent,  three  sheep  digested,  . 

80.76 

22.74 

67.49 

88.03 

90.95 
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Summari/  of  Coefficients  (Per  Cent.). 


Ration. 


Sheep 
Number. 


Soy  bean  I'odder,     . 

Average 

Eureka  silage  corn  fodder  \ 
(green).  ) 


Average, 

Eureka  silaj^ 
(dry). 

Average, 


:e  corn  fodder 


Apple  pomace, 
Average,    . 

English  hay,     . 
Average,    . 

English  hay,    , 
Average,    . 

English  hay,     . 
Average,    . 

Bibby's  dairy  cake, 
Bibby's  dairy  cake  (1903), 
Average,    . 


Alma   dried  molasses-beet- 
pulp. 

Average,    . 


Armour's  blood  meal. 
Average,     . 


Medium    green    soy     bean ) 
meal.  ( 

Average,    .... 


Old  Sheep  I., 
Old  Sheep  J  I., 
Old  Sheep  III., 


Old  Sheep  I., 
Old  Sheep  II. ! 
Old  Sheep  III.: 


Old  Sheep    II. 
Old  Sheep  III. 


Old  Sheep  I., 
Old  Sheep  II., 
Old  Sheep  III., 


Young  Sheep  I., 
Young  Sheep  II., 
Young  Sheep  III., 


Young  Sheep     I., 
Young  Sheep  II., 


Old  Sheep    II., 
Old  Sheep  III., 


Young  Sheep  I. 
Young  Sheep  II., 
Young  Sheep  III.! 
Old  Sheep  I.,  '. 
Old  Sheep  II.,  , 
Old  Sheep  III.,     , 


Old  Sheep    II., 
Old  Sheep  III., 


Young  Sheep     I., 
Young  Sheep   II., 


Old  Sheep    II., 
Old  Sheep  III. 


(;3.5(5 
()2..')1 
04.  M 


26.29 

16.89 
19.9 


84.35 
82.12 
82.41 


39.74 
30.83 
46.13 


76.09 
79.45 
77.92 


66.33 
66.00 
63.93 


63.53 


64.32 
68.5 
66.99 


21.05 


43.10 
41.76 
41.76 


82.96 


66.50 
66.85 
67.70 


38.90 


56.1 

63.65 

60.9 


77.82 


70.26 
74.35 


65.42 


67.32 
65.68 
64.80 


66.63 


63.88 
63.80 


42.21 


67.02 


60.26 


72.44  65.93 


39.66   57.72   71.09 
41.02   56.36   72.02 


63.84  40.34 


67.39 
73.64 

70 


70.60 


48.16 
53.22 
51.53 


50.97 


51.61 
55.46 


53.54 


56.91 
60.41 


58.66 


77.76 
f!4.78 
69.51 
61.40 
80.59 
65.71 


69.95 


86.98 
82.04 


84.51 


100.  + 
90.3:^ 


98.43 
81.01 


89.72 


42.23 
62.64 
23.55 


42.81 


11.40 
23.34 

16.55 


17.10 


16.31 
21.85 


19.08 


20.06 
24.25 


22.16 


44.16 

37.19 

28 

27.16 

43.1"; 

17. 9i 


33.03 


68.54 
.54.50 


61.52 


76.83 
62.39 


69.61 


57.04 


34.59 
36.93 

36.66 


36.06 


40.14 
38.50 


39.32 


41.86 
42.85 


42.36 


68.11 
5S.41 


61.95 

75.72 
61.06 


65.51 


69.00 
59.15 


64.08 


88.41 
79.58 


84.00 


95.35 

87.68 


91.51 


64.14 
63.50 


71.56  63.82 


.55.43 

68.94 
77.5' 


67.31 


48.93 
.55.34 
.53.13 


52.47 


,51.03 


53.69 


58.28 
63.45 


60.87 


63.  o: 
1.2: 


68.44 
51.82 


46.15 


84.47 
83.27 


83.87 


122.20 
104.90 


113.55 


82 

85.65 

84.53 


84.30 


54.63 
.58.1 
57.02 


56.61 


57.95 
61.30 


59.66 


62.68 
65.60 


64.14 


87.79 
79.. 50 
86.15 
71.29 
88.01 
74.23 


81.16 


93.47 

88.68 


91.08 


103.20 
61.28 


82.24 


62.72 
62.14 


62.43 


44.21 
43.50 
42.51 


43.41 


28.42 
37.09 
36.97 


34.16 


48.66 
51.29 


49.98 


47.05 
45.69 


46.37 


94.91 
91.56 
98.88 
90.02 
95.05 
84.19 


92.44 


96.89 

89.37 


93.13 
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Summary  of  Coefficieids  (Per  Cent.')  —  Concluded. 


Ration. 

Sheep 
Number. 

u 

p 

.a 
< 

a 
'3 

2 

Ph 

U 

0  2 
bet 

'A 

Marshall  hominy  feed,  .        | 
Hominy  meal  (1903),       .        | 

Young  Sheep     I., 
Young  Slieep    II., 
Young  Sheep  III., 
Old  Sheep      I.,     . 
Old  Sheep    II.,     . 
Old  Sheep  III.,     . 

S5.87 
77.75 
74.6.5 
71.16 
80.31 
90.80 

53.9.0 
.30.56 
30. -27 
10.81 

34.67 

58.19 
.54. -20 
61.84 
0-2. -23 
66.20 
74.03 

74.25 

1.99 

40.11 
126.38 

91.63 
87.16 
84.21 

82.02 
87.88 
94.18 

93.19 

94.88 
94.22 
91.33 
92.57 

88.95 

Average 

80.09 

32.05 

62.78 

60.68 

87.85 

92.52 

The  Results  discussed. 

The  more  important  results  obtained  from  the  several 
digestion  experiments,  the  details  of  which  are  reported  in 
the  previous  tables,  are  discussed  as  follows  :  — 

8oij  Bean  Fodder  (Brooks  Medium  Green).  — The  yield 
of  fodder  was  light  (about  (3  tons  to  the  acre),  due  to  the 
cool  summer  of  1903.  The  plants  were  quite  green,  thickly 
set  with  leaves,  well  podded  and  the  seed  fairly  well  devel- 
oped. In  common  with  other  legumes  at  a  similar  stage  of 
growth,  the  fodder  showed  a  noticeably  high  protein  per- 
centage, and  onl}^  moderate  quantities  of  fiber  and  extract 
matter.  The  three  sheep  ate  the  fodder  readily  and  digested 
it  quite  evenly.  Sheep  II.  refused  small  quantities  of  the 
coarse  stems.     The  results  agree  fairly  well  with  those  already 

on  record.^ 

Summary  of  Experiinent  (^Per  Cent.). 


*M  -^ 

o  a 

153 

"S 

sl 

3 

-2 

ja 

a" 
S 

2 

* 

'^ 

an 

Q 

<1 

Ph 

E 

p^ 

N 

Sheep     I 

1 

1 

C3.56 

26.29 

84.35 

39.74 

76.09 

66.33 

Sheep    11 

1 

1 

62.51 

16.89 

82.12 

30.83 

79.45 

66.00 

Sheep  III., 

1 

1 

64.53 

19.97 

82.41 

46.13 

77.92 

63.93 

Average 

1 

3 

63.53 

21.05 

82.90 

38.90 

77.82 

(i5.42 

Average,  previous  experiments, 

5 

12 

265.00 

- 

75.00 

46.00 

75.00 

48.00 

Clover  for  comparison, 

3 

7 

66.00 

_ 

70.00 

.54.00 

72.00 

64.00 

Cow  peas  for  comparison. 

2 

4 

268.00 

23.00 

76.00 

60.00 

81.00 

59.00 

1  See  especially  Phelps'  work  in  the  reports  of  the  Storrs  Experiment  Station  for  1896 
and  1898,  and  the  summary  reported  in  Lindsey's  compilation,  fourteenth  report  of  the 
Hatch  Exi)eriiiient  Station,  p.  198. 

2  Organic  ni.atter. 
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The  total  dry  matter  of  the  soy  bean  fodder  appears  to  be 
slightly  less  digestible  than  that  of  other  legumes,  —  clover, 
Canada  field  peas  and  cow  peas,  —  due  to  its  characteristic 
hard,  woody  stems.  Attention  is  called  to  the  fact  that  the 
digestion  coefficient  of  the  fiber  in  the  soy  beans  is  relatively 
low  (39  and  4G  per  cent.),  as  compared  with  those  for  the 
clover  and  cow  peas  (54  and  60  per  cent.).  Soy  beans  will 
find  their  chief  use  in  the  farm  economy  as  a  soiling  and 
silage  crop.  This  subject  svill  be  discussed  more  fully  at  a 
later  date. 

Eureka  Silage  Corn.  —  This  was  a  large  southern  dent 
variety,  12  to  13  feet  tall,  which  is  held  in  high  esteem  for 
silage  purposes  by  the  farmers  of  Worcester  County.  It  is 
claimed  that  it  will  produce  several  matured  ears  to  each 
stalk  under  average  summer  conditions.  The  season  of 
1903  was  noticeably  cool,  and  when  the  corn  was  cut,  Sep- 
tember 12—18,  it  was  quite  green,  the  kernels  just  forming. 
This  variety  is  being  further  studied  during  the  present 
season  (1904),  and  its  value  as  compared  with  the  smaller 
varieties  will  be  discussed  in  a  subsequent  report. 

The  three  sheep  showed  only  slight  variations  in  their 
ability  to  digest  the  corn.  The  following  figures  show  the 
average  results  of  all  trials  with  immature  dent  varieties,  as 
compared  with  Eureka.  The  results  are  quite  similar,  ex- 
cept that  the  fiber  in  case  of  the  Eureka  showed  a  slightly 
lower  digestibility. 

Summary  of  Experiment  (Per  Cent.'). 


■m                          I 

..   1 

o  a 

0) 

■2*3-5 

i^H 

ci 

.9 

u 

P 

sSh^ 

bo 

a 

■» 

1 

^ 

l^i 

m 

Q 

< 

Ph 

U 

.« 

&^ 

Dent  corn  fodder,  immature,    . 

4 

11 

68.00 

- 

66.00 

67.00 

71.00 

68.00 

Eureka  (present  trial) ,       .       .       . 

1 

3 

67.00  42.00 

67.00 

60.00 

72.00 

66.00 

Apple  Pomace.  —  In  the  sixteenth  report  of  this  station 
(pp.  63—80)  are  given  the  results  of  a  digestion  test  with 
apple  pomace.  In  that  experiment  the  pomace  was  fed 
with  a  reasonable  quantity  of  hay.  In  the  present  trial  a 
smaller  amount  of  hay  was  fed,  and  in  addition  each  sheep 
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Avas  given  150  grams  of  cotton-seed  meal,  in  tlie  hope  of  in- 
creasing the  digestibility  of  the  protein  in  apple  pomace. ^ 
For  the  sake  of  comparison,  the  coefficients  obtained  in  both 
experiments  follow :  — 

Summary  of  Exjyerimejit  (Per  Cent.'). 


Former  Experiment,  Hay  and  Pomace. 

Sheep     1. 

Sheep    II 

Sheep  III., 


67.29 
73.64 
70.7 


42.23 
62.64 
23.55 


55.43 

68.94 
77.57 


82.73 
85.65 
84.53 


44.21 
43.50 
42.51 


Average, , 


70.60 


Present  Experiment,  Hay,  Cotton-seed  Meal  and 
Pomace. 

Sheep     I., 

Sheep    II. 

Sheep  III 


65.63 
71.8;i 

80.06 


60.91 
47.20 
56.11 


67.31 


35.82 
63.93 
84.95 


84.30 


80.31 
83.59 
89.53 


43.41 


51.99 
39.10 
50.56 


Average, . 
Average,  both  trials, 


72.51 

71.50 


54.74 
48.70 


61.5' 
64.40 


84.48 
84.40 


47.22 
45.30 


Both  experiments  were  made  Avith  the  same  lot  of  sheep. 
The  sheep  digested  the  total  dry  matter  of  the  pomace  rather 
more  evenly  in  the  present  than  in  the  former  trial.  It  is 
evident  that  Sheep  I.  was  unable  to  utilize  as  much  as  the 
other  two  sheep.  It  will  be  seen  that  the  fiber,  extract 
matter  and  fat,  comprising  the  larger  part  of  the  dry  matter 
of  the  pomace,  were  digested  to  approximately  the  same 
degree  in  both  experiments.  The  protein  content  of  the 
pomace  is  small,  about  1  per  cent.,  and  it  has  not  been  pos- 
sible by  present  methods  to  fix  its  digestibility.  It  probably 
is  digested  to  a  considerable  degree,  although  the  results  do 
not  make  it  apparent.  The  several  experiments  show  the 
pomace  to  be  as  digestible  as  the  better  grades  of  corn  silage. 
Its  value  for  feeding  purposes  will  be  further  discussed  under 
a  separate  heading. 

English  Hay.  —  The  hay  used  in  the  present  series  con- 
sisted of  a  mixture  of  timothy  and  redtop,  cut  in  late  bloom, 
and  well  cured.  Two  different  analyses  of  this  hay  are  re- 
ported in  the  table  of  composition.     It  contained  rather  less 


1  In  deterniining  the  digestlbihty  of  the  apple  pomace,  average  digestion  coefficients 
were  taken  for  tlie  cotton-seeil  meal.    See  fourteenth  report  of  tliis  station,  p.  209. 


1905.] 


PUBLIC    DOCUMENT  — No.   33. 


71 


l)rotciii  and  more  fibor  than  the  hay  usually  employed  by  us 
for  digestion  experiments. 

The  young  sheep  (Period  IV.)  did  not  digest  the  hay  as 
fully  as  did  the  old  sheep  (Period  V.)  The  experiment  was 
repeated  with  two  of  the  young  sheep  in  Period  XII.,  in 
which  case  higher  coefficients  were  obtained,  though  they 
did  not  equal  those  secured  with  the  old  sheep.  The  hay 
showed  a  fair  digestibility,  and  no  extreme  variations  were 
noted  among  the  several  sheep  in  the  same  trial.  The  re- 
sults, however,  do  not  agree  as  closely  as  most  of  the  former 
experiments  with  hay  carried  out  at  this  station. 

Bihbi/s  Dairy  Cahe,  made  by  J.  Bibby  &  Sons  of  Liver- 
pool, Eng.,  is  composed  principally  of  ground  cotton-seed, 
cereals  such  as  barley  and  wheat,  molasses,  fenugreek  and 
salt.  It  has  a  pleasing  taste  and  smell,  and  appears  to  be 
highly  relished  by  farm  animals.  The  results  of  two  distinct 
trials  are  reported,  the  fii'st  made  during  the  winter  of  1903 
with  three  old  sheep,  and  the  second  made  during  the  winter 
of  1904  with  three  young  sheep.  The  first  sample  was  pur- 
chased from  the  stock  of  a  retail  grain  dealer,  and  the  second 
was  obtained  directly  from  a  recent  importation.  Both  lots 
were  in  good  condition,  and  resembled  each  other  closely  in 
chemical  composition.  In  the  second  trial  the  cake  was  not 
relished  by  Sheep  III.,  although  he  was  induced  to  eat  it 
after  a  few  days.  The  cake,  which  was  ground  before  being 
fed,  acted  as  a  laxative,  at  first  producing  soft  faeces,  which 
gradually  hardened  as  the  period  advanced. 


Summary  of  Experivfient  {Per 

Cent.) . 

u 

u 

< 

2 

1 

•A 

Sheep     I.,  old,    . 
Sheep   II.,  old,    . 
Sheep  III.,  old,    . 

61.40 
80.. 59 
65.71 

27.16 
43.17 

17.92 

61.95 

75.72 
61.06 

68.44 
51.82 

71.29 

88.01 
74.23 

90.02 
95.05 
84.19 

Average,  three  sheep. 

Sheep     I.,  young, 
Sheep    II.,  young. 
Sheep  III.,  young, 

69.23 

77.76 
64.78 
69.51 

29.42 

44.16 
37.19 

28.56 

66.24 

68.11 
58.41 

67.82 

60.13 

63.07 
1.27 

77.84 

87.79 
79.  .50 
86.15 

89.75 

94.91 
91.56, 

98.88 

Average,  three   sheep. 
Average,  six  sheep,     . 

70.68 
69.95 

36.63 
33.02 

64.78 
65.51 

32.17 
46.15 

84.14 
80.99 

95.11 
92.43 
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Especially  Avide  variations  are  noted  in  the  case  of  the  old 
sheep.  Sheep  II.  seemed  to  have  a  strong  digestion,  while 
Sheep  I.,  judging  from  the  results,  was  slightly  out  of  con- 
dition. Such  extreme  variations  are  not  apparent  in  case 
of  the  young  sheep.  In  both  experiments  considerable  dif- 
ficulty was  experienced  in  digesting  the  crude  fiber,  due 
probably  to  the  fact  that  it  was  derived  largely  from  cotton- 
seed hulls.  The  protein  was  moderately  digestible,  while 
the  extract  matter  and  fat  yielded  fairly  high  coefficients.  In 
general  it  may  be  said  that  the  dairy  cake  was  only  moder- 
ately digested,  and  possessed  a  nutritive  value  similar  to 
standard  wheat  middlings.  An  experiment  with  Bibby's  cake 
fed  to  four  dairy  cows  has  been  completed,  and  the  relative 
commercial  and  nutritive  value  of  this  concentrate  will  be 
more  fully  discussed  in  that  connection. 

Dried  Molasses-heet-puJp . — This  material,  manufactured 
by  the  Alma  Sugar  Company  of  Alma,  Mich.,  consisted  of 
beet  pulp  and  crude  molasses  dried. ^  In  appearance  it 
resembled  ordinary  black  tea.  The  analysis  showed  it  to  be 
low  in  protein  and  high  in  fiber  and  extract  matter ;  only 
traces  of  fat  were  found.  A  more  detailed  analysis  of  the 
product  showed  that  the  crude  protein  consisted  of  7.01  per 
cent,  of  true  albuminoids  and  2.90  per  cent,  of  amides;  the 
extract  matter  contained  13.80  per  cent,  of  cane  sugar  and 
1.83  per  cent,  of  dextrose.  The  pentosans  (18.40  per  cent. ) 
were  in  all  probability  largely  in  the  form  of  a  hemi-cellu- 
lose,  and  would  also  be  included  in  the  extract  matter.  The 
above  figures  are  based  on  the  material  in  its  natural  state, 
with  8.58  per  cent,  moisture.  The  results  of  the  experi- 
ment with  two  old  sheep  follow  :  — 

Summary  of  Exjieriment  (Per  Cent.'). 
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.9 
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fa 

1 
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Sheep   II 

Sheep  III.,    .... 

86.98 
82.04 

68.54 
54.50 

69.00 
59.15 

84.47 
83.27 

93.47 

88.68 

- 

Average, 
Corn  meal  for  comparison. 

84.51 
89.00 

61.52 

64.08 
70.00 

83.87 

91.08 
94.00 

91.00 

*  See  P.iilU'tin  No.  99  for  a  (k'8cri|)tion  of  tlie  proceas  ami  a  full  ilisciissioii  of  its  value. 
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Tlie  sheep  ate  the  iiiuterial  readily  aiid  digested  it  without 
trouble.  From  the  high  average  digestibility  and  au  experi- 
ment with  dairy  animals  elsewhere  rei)orted/  it  is  believed 
the  dried  pulp  has  a  feeding  value  about  10  per  cent,  less 
than  corn  meal. 

Armoufs  Blood  Meal,  especially  prepared  for  cattle  feed- 
ing, was  found  to  contain  95.24  per  cent,  of  protein  and 
only  traces  of  fat  and  fiber.  Its  mechanical  condition  was 
all  that  could  be  desired.  As  the  detailed  ex})eriment  shows, 
it  was  fed  to  two  young  sheep  in  combination  with  hay  and 
corn  meal.  In  figuring  the  digestibility  of  the  blood  the  co- 
efficients for  the  corn  meal  were  taken  from  Lindsey's  com- 
pilation.^ The  two  sheep  digested  the  dry  matter  of  the 
blood  quite  thoroughly,  namely,  95.14  per  cent.  The  pro- 
tein was  not  as  thoroughly  digested,  —  83.99  per  cent.  ;  but 
this  must  be  more  apparent  than  real,  and  due  to  the  in- 
fluence of  the  other  constituents.  It  is  probable  that  the 
protein  of  the  hay  and  corn  meal  was  not  quite  as  thoroughly 
digested  as  the  coefficients  call  for,  leaving  a  slight  excess 
undigested,  which  must  of  necessity  be  charged  against  the 
blood.  This  supposition  is  strengthened  by  the  fact  that 
there  is  a  small  plus  balance  of  extract  matter  and  a  minus 
balance  of  fiber,  which  show"  digestible  divergences  from  the 
established  hay  and  corn  meal  coefficients.  Judging  from 
the  digestibility  of  the  dry  matter  of  the  blood,  we  may  safely 
conclude  that  the  blood  protein  must  be  quite  thoroughly 
utilized  by  farm  animals.  An  experiment  with  dried  blood 
as  a  source  of  protein  for  dairy  animals  has  been  completed, 
and  its  economic  value  will  be  discussed  when  the  results  of 
that  experiment  are  published. 

8oy  Bean  Meal  (Brooks  Medium  Green). — The  beans 
were  grown  at  the  station,  and  coarseh^  ground  before  being 
fed.  They  were  of  the  usual  good  quality,  containing  40. 09 
per  cent,  of  protein  and  21.10  per  cent,  fat  in  dry  matter. 
The  coefficients  obtained  in  1903  follow,  and  also  those 
secured  in  the  present  trial :  — 

1  Loco  citato. 
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Summary  of  ExiicrHrnent  (Per  (.'oU.). 


1 

.a 
< 

a 

3 
o 
u 

■^ 
fe 

Sheep   II.,  old,  1903 

Sheep  III.,  old,  1903,    . 

95.46 
87.32 

44.93 
41.70 

92.80 
89.34 

194.62 
85.43 

93.04 
89.29 

95.67 
91.34 

Average 

Sheep    II.,  old,  1904, 

Sheep  III.,  old,  1904 

91.39 
98.43 
81.01 

43.32 
76.83 
62.39 

91.07 
95.35 

87.68 

140.03 
122.20 
104.90 

91.17 
103.20 
61.28 

93.51 
96.51 
89.37 

Average, 

Average,  four  trials, 

Average,  two  German  trials  for  comparison, 

89.72 
90.56 
185.00 

69.61 
56.47 

91.51 
91.29 
87.00 

113.55 
126.79 

82.24 
86.71 
62.00 

92.94 
93.23 
94.00 

1  Organic  matter. 


The  soy  bean,  in  common  with  other  concentrates  rich  in 
nitrogen,  frequently  causes  digestive  irreguhirities.  In  the 
present  trial  Sheep  III.  was  not  able  to  digest  the  feed  as 
thoroughly  as  Sheep  II.  The  same  condition  was  apparent 
last  3^ ear,  although  not  quite  as  marked.  It  is  evident  that 
the  beans  are  as  a  rule  quite  thoroughly  digested,  especially 
the  protein  and  fat,  which  are  the  two  important  constitu- 
ents. The  coefficients  for  the  fiber  are,  of  course,  incorrect, 
due  probably  to  the  favorable  influence  of  the  rich  protein 
concentrate  in  increasing  the  digestibility  of  the  hay  carbo- 
hydrates. The  small  amount  of  fiber  present — about  5 
per  cent.  —  renders  a  knowledge  of  the  exact  percentage 
digestible  of  minor  importance.  The  extract  matter  was 
also  largely  digested,  —  probably  80  or  more  per  cent., — 
although  the  trials  made  thus  far  have  not  given  sufficiently 
definite  results  to  enable  one  to  fix  any  exact  coefiicient. 

Hominy  Feed,  or  Chop.  —  As  used  for  cattle  feeding,  this 
consists  of  the  hull,  germ,  some  of  the  gluten  and  soft  starch. 
The  two  samples  tested  were  of  good  average  quality.  The 
results  of  six  trials  are  presented.  Three  of  them  were  made 
with  old  sheep  in  1903,  and  three  with  young  sheep  in  1904. 
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Summary  of  Experimeyii  (Per  Cent.). 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

Sheep      r.,  old,  1903,      . 
Sheep   II.,  old,  l'J03,     . 
Sheep  III.,  old,  1903,     . 

ents. 

71.16 
80.31 
90.80 

10.81 
34.67 

62.23 
66.20 
74.03 

40.11 
126.50 

82.02 

87.88 
88.03 

91.33 

92.57 
90.95 

Average,  . 
Sheep     I.,  young,  1904, 
Sheep   II.,  young,  1904, 
Sheep  III.,  young,  1904, 

80.75 
85.87 
77.75 
74.65 

22.74 
53.95 
30.56 
30.27 

67.48 
58.19 
54.20 
61.84 

74.25 
1.99 

85.97 
91.  C3 
87.16 
84.24 

91.61 
93.19 
94.88 
94.22 

Average,  . 

Average,  both  experim 
Corn  meal  for  comparison. 

79.42 
80.08 
89.00 

38.26 
30.50 

58.07 
62.77 
70.00 

38.12 

87.66 
86.81 
94.00 

94.09 
92.85 
91.00 

In  the  first  trial  Sheep  I.  evidently  had  a  somewhat  weak- 
ened digestion.  This  condition  has  ah-eady  been  referred 
to,  and  this  sheep  was  dropped  during  1904.  Sheep  III. 
appeared  to  have  digested  the  liominy  quite  tliorouglily, 
while  Sheep  II.  gave  results  midway  betAveen  the  other  two. 
Just  why  the  three  sheep  should  have  shown  such  variable 
results  with  a  feed  that  is  supposed  to  be  easily  digested,  is 
not  clear.  In  the  second  trial,  with  a  different  sample  and 
Avith  the  young  sheep,  the  results  also  vary  more  than  one 
Avould  e.Kpect.  Sheep  III.  was  unable  to  digest  the  starchy 
matter  as  well  as  the  other  two,  but  made  better  use  of  the 
protein.  The  percentage  of  fiber  contained  in  the  hominy 
is  relatively  small,  and  the  results  differ  so  noticeably  that 
they  must  be  considered  worthless.  Both  lots  of  sheep 
utilized  the  starchy  matter  and  fat  to  about  the  same  degree  ; 
the  3^oung  sheep  failed  to  digest  the  protein,  as  well  as  the 
old  sheep.  The  average  results  of  the  two  experiments 
must  be  regarded  as  giving  a  fairly  good  idea  of  the  diges- 
tibility of  the  several  fodder  groups.  It  has  been  assumed 
hitherto  that  hominy  was  as  digestible  as  corn  meal ;  but, 
in  view  of  the  results  obtained,  this  opinion  is  no  longer 
tenable.  The  total  dry  matter  of  the  hominy  seems  to  be 
about  9  per  cent,  less  digestible  than  that  of  the  corn.  This 
deficiency  apparently  falls  largel}^  on  the  protein  and  extract 
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matter.  Corn  meal  as  found  upon  the  market  contains  on 
an  average  14  per  cent,  of  water,  or  1,720  pounds  of  dry 
matter  to  the  ton  ;  while  hominy  shows  9  per  cent,  of  water, 
or  1,820  pounds  of  dry  matter  to  the  ton.  Applying  the 
digestion  coefficients  for  dry  matter  obtained  in  both  cases, 
hominy  would  yield  1,456  pounds  and  corn  meal  1,531  to 
the  ton,  and  would  show  the  corn  meal  to  be  about  5  per 
cent,  more  valuable  than  the  hominy.  It  is  proposed  to 
repeat  the  digestion  test  with  still  another  sample,  and  also 
to  compare  the  two  feeds  with  milch  cows.  The  fact  must 
not  be  overlooked  that  different  samples  of  both  grains, 
more  particularly  the  hominy,  are  likely  to  vary  somewhat 
in  nutritive  value,  hence  too  positive  conclusions  should  not 
be  drawn.  On  the  basis  of  our  present  knowledge,  it  may 
be  said  that  both  feeds  have  similar  nutritive  values. 

Eureka  Silage  Corn  Fodder.  —  This  was  a  cured  sample  of 
the  variety  previously  described.  In  composition  it  differed 
somewhat  from  the  green  sample,  b}^  containing  more  ash, 
noticeably  more  fiber  and  less  extract  matter.  Whether 
this  change  was  the  result  of  sampling,  or  whether  it  was 
brought  about  by  the  curing  process,  it  is  difficult  to  say. 
In  case  of  the  green  corn,  small  lots  were  cut  every  two  or 
three  days  during  the  experiment,  each  lot  being  carefully 
sampled  and  moisture  determinations  made  immediately. 
At  the  end  of  the  trial  equal  weights  of  each  sample  were 
mixed,  and  this  mixture  held  to  represent  the  corn  fed 
during  the  entire  experiment.  To  secure  as  fair  a  sample 
as  possible  of  the  material  to  be  cured,  a  considerable  quan- 
tity was  cut  about  the  middle  of  the  digestion  trial  with  the 
green  corn,  and  placed  in  stooks  in  the  field.  The  stooks 
were  removed  to  the  barn  before  snow  came.  In  spite  of 
the  care  taken,  differences  in  the  composition  of  the  two  lots 
would  be  likely  to  occur.  At  the  time  of  feeding  the  cured 
material,  in  early  March,  it  still  contained  GO  per  cent,  of 
water.  It  was  finely  cut  before  feeding,  and,  though  some- 
what mouldy  on  the  outside,  proved  to  be  in  fairly  good 
condition.  Because  of  the  unexpected  large  water  content, 
the  sheep  did  not  receive  a  sufficient  amount  daily, —  1,200 
grams,  —  although  the  results  show  that  they  suffered  no 
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great  loss  in  live  weight  during  the  period.  Sheep  III.  ate 
the  ration  clean,  while  Sheep  II.  refused  a  noticeable  amount 
of  the  coarser  i)ortions.  The  following  figures  show  the 
results  with  the  dry  fodder;  for  comparison,  the  results 
obtained  with  the  ixreen  corn  are  also  stated  :  — 


Summary 

of  ExjJCI 

•iment 

{Per  Cent.). 

Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Extract 
flatter. 

Fat. 

Slieep    II.,  old,  dry  fodtk-r. 
Sheep  III.,  old,  dry  fodder. 

63.88 
63.80 

39.66 
41.0-2 

57.72 
56.36 

71.09 
72.02 

64.14 
63.. 50 

62.72 
62.14 

Average 

Sheep     I.,  old,  green  fodder,     . 
Sheep   11.,  old,  green  fodder,     . 
Sheep  III.,  old,  green  fodder,     . 

63.84 
64.32 

68.57 
66.99 

40.34 
43.10 
41.76 
41.76 

57.04 
66.. iO 
66.85 
67.70 

71.56 
56.17 
63.65 
60.97 

63.82 
70.26 
74.34 
72.72 

62.43 
67.32 
65.68 
64.80 

Average 

66.63 

42.21 

67.02 

60.26 

72.44 

65.93 

The  coefficients  obtained  are  concordant,  and  the  experi- 
ment may  be  considered  quite  satisfactory.  In  comparing 
the  results  of  the  two  experiments,  it  Avill  be  noticed  that 
the  dry  fodder  was  not  as  well  digested  as  the  green  material. 
This  ma}^  be  accounted  for  partly  on  the  ground  that  the 
sheep  received  the  green  fodder  in  September,  after  having 
been  at  pasture  all  summer,  while  the  dried  material  was  fed 
in  March,  after  they  had  been  in  similar  experiments  for  six 
months  ;  and  partly  because  previous  experiments  have  dem- 
onstrated that  in  case  of  very  coarse  fodders  sheep  digest 
the  green  substance  a  little  more  thoroughly  than  the  cured. 
For  some  reason  the  fiber  in  the  dry  material  was  more  fully 
digested  than  in  the  green  substance.  This  may  be  due  to 
the  fact  that  in  the  cured  fodder  some  of  the  extract  matter 
had  been  converted  into  a  hemi-cellulose,  which  resisted  the 
action  of  the  chemical  solvents,  but  yielded  to  the  influence 
of  the  digestive  fluids.  In  general,  it  may  be  said  that  the 
results  obtained  with  the  Eureka  corn  compare  very  favor- 
ably with  those  obtained  by  other  experimenters  with  the 
southern  varieties  at  a  similar  stag-e  of  g-rowth. 
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2.     The  Digestibility  of  Galactan. 


REPORTED    BY   J.    B.    LINDSEY.l 


Those  carbohydrates  that  can  be  removed  from  plants  and 
seeds  by  the  action  of  dikite  mineral  acid  and  alkali,  and 
that  are  soluble  in  F.  Schulze's  reagent,  E.  Schulze  has 
termed  hemi-celluloses.  Under  this  headine"  he  has  brought 
the  mother  substances,  —  dextran,  levulan,  mannan,  galactan, 
araban  and  xylan  ;  which  yield  on  inversion  the  sugars,  — 
dextrose,  levulose,  mannose,  gaUctose,  arabinosc  and  xylose. 
These  hemi-celluloses  are  intermixed  with  the  true  celluloses 
in  the  cell  walls  of  the  plants  and  seeds.  They  have  been 
frequently  recognized  as  reserve  material,  being  used  by  the 
embryo  during  the  S})routing  of  the  seed.  The  levulan  and 
mannan  have  not  been  found  generally  distributed,  while 
the  araban  and  xylan  (pentosans)  constitute  fully  one-third 
of  the  extract  matter  of  all  hays  and  straws,  are  quite  prom- 
inent in  the  hull  and  bran  of  most  grain  seeds,  and  are  even 
found  in  the  endosperm  and  cotyledons  of  many  seeds. 

Galactan  was  first  extracted  from  lucerne  seeds  by  Muntz,^ 
and  was  converted  into  galactose  by  boiling  with  dilute  acid. 
E.  Schulze  ^  and  his  co-workers  found  considerable  galactan 
in  the  seeds  of  the  blue  lupine,  and  as  a  result  assumed  that 
this  hemi-cellulose  might  be  very  generally  distributed  in 
agricultural  plants.     Lindsey  and  Holland  '*  determined  the 


1  This  experiment  was  carried  out  by  Mr.  E.  S.  Fulton  of  the  class  of  1904  of  the  Mas- 
sachusetts Agricultural  College,  who  expressed  a  desire  to  undertake  work  of  this 
character  for  a  graduation  thesis.  The  sheep  and  apparatus  belonging  to  the  depart- 
ment of  foods  and  feeding  were  placed  at  his  disposal.  The  digestibility  of  the  hay 
used  had  already  been  determined.  Mr.  Fulton  assumed  charge  of  the  sheep,  and  pre- 
pared the  f.Tces  for  analysis  in  the  station  laboratorj^.  The  analytical  work  was  done 
atthecollege  laboratory,  under  the  supervision  of  Prof.  C.  Wellington.  INIr.  Fulton  ex- 
presses his  thanks  to  l^rofessor  Wellington  and  also  to  Dr.  Lindsey  and  his  co-workers 
for  the  many  lioljjs  and  suggestions  received. 

2  Bui.  Soc.  Clieni.  (2),  .37,  p.  409. 

s  Zeitsch.  f.  physiol.  Chem.  T.d.  14,  Heft.  .3,  Zeitsch.  f.  physiol.  Chem.  Bd.  16,  Hefts.  4 
and  .5. 
♦  Ninth  report  of  tlie  Uatcli  Experiment  Station,  pp.  92 -96. 
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percentage  of  galactan  in  a  large  number  of  hays,  straws  and 
concentrated  feeds.  The  results  of  their  work  showed  the 
presence  of  quite  small  amounts  of  galactan  in  the  non- 
leguminous  plants  and  seeds.  In  the  leguminous  plants 
from  3  to  4  per  cent,  was  found,  while  in  leguminous  seeds 
the  amount  varied  from  U/ii  to  14  per  cent. 

The  method  ^  employed  was  the  one  proposed  by  Tollens 
and  his  pupils,  and  consisted  in  principle  of  oxidizing  a 
given  amount  of  the  plant  or  seed  with  a  solution  of  slightly 
diluted  nitric  acid,  and  collecting  the  resulting  mucic  acid, 
after  further  treatment  for  the  removal  of  impurities,  on  a 
tared  filter. 

No  experiments  are  on  record  relative  to  the  digestibility 
of  g-alactan,  hence  the  undertaking  of  this  trial.  Alsike 
clover  seed  was  selected  because  it  contained  a  noticeable 
quantity  of  galactan.  It  was  ground  reasonably  fine,  and 
fed  in  connection  with  hay,  the  digestibility  of  which  had 
been  previously  determined.  The  experiment  was  conducted 
in  the  usual  way,  three  young  Southdown  wethers  being  em- 
ployed, and  passed  off  without  any  disturbances. 

Tabulated  Data  of  the  Experimekt. 

Gompositiou  of  Feed  Stuffs  (Per  Cent.). 
[Dry  matter.] 


Feeds. 

Galactan. 

Ash. 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

Hay,2 

Clover  seed, 

1.72 

8.07 

6.. '53 

5.88 

6.23 
84-29 

33.00 
13.12 

52.27 
41.42 

1.97 

5.29 

Composition  of  Freces  (Per  Cent.). 
[Dry  matter.] 


Sheep. 

Feeds. 

Galactan. 

Ash. 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

I., 
II., 
III.,       . 

Hay  and  clover  seed, 
Hay  and  clover  seed. 
Hay  and  clover  seed, 

.99 

.'J5 
1.02 

11.57 
11.21 
11.32 

11.97 
13.11 
12.63 

29.27 
30.23 
28.94 

44.43 
42.  S4 
44.49 

2.76 
2.61 

2.63 

I., 
II., 
III.,       . 

Hay,2     .... 

Hav 

Hay,       .... 

.86 

.76 

1.07 

11.16 
10.70 
10.92 

7.86 
8.40 
7.97 

32.51 
31.51 
32.20 

45.75 
46.74 
46.40 

2.73 
2.65 
2.51 

1  Loco  citato. 

-  The  figures  for  all  constituents,  excepting  galactan,  in  hay  and  hay  manures  were 
determined  in  a  previous  experiment. 
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Dry  Matter  Determinations  made  at  the  Time  of  weighing  out  the  Foods, 
ajul  Dry  Matter  in  Manure  excreted,  estimated  from  Air-dry  Fteces 
(Per  Cent.). 


Sheep. 

Feeds. 

Hay. 

Clover  Seed. 

JManure. 

I.,  . 

II.,  . 

III.,  . 

Hay  and  clovei'  seed,    . 
Hay  and  clover  seed,    . 
Hay  and  clover  seed,   . 

88.85 

91.53 

94.05 
93.70 
94.07 

I.,  . 

II.,  . 

III.,  . 

Hay 

Hay 

Hay, 

- 

93.36 
93.27 
93.25 
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Sheep  I. 


a 

a 
0)0 

cu 

DO 
< 

Sa 

O  3^ 

o  a; 
u 

CD 

"  1^  a; 

a 
SB 

c; 

600  grams  hay  fed, 

200  graiiiB  clover  seed, 

533.10 
183.06 

9.17 
14.77 

34.81 
10.76 

33.21 

62.77 

175.92 
24.02 

278.65 

75.82 

10.50 
9.68 

Total  consumed, 

307.10  grams  manure  excreted,    . 

716.16 

288.83 

23.94 

2.86 

45.57 
33.42 

95.98 
34.57 

199.94 
84.54 

354.47 
128.33 

20.18 
7.97 

Grams  digested 

Minus  hay  digested,i 

427.33 

265.95 

21.08 
6.90 

12.15 

4.82 

61.41 
12.41 

115.40 
87.93 

226.14 
156.85 

12.21 

4.05 

Clover  seed  digested 

Per  cent,  digested, 

161.38 
88.16 

14.18 
96.01 

7.33 
68.12 

49.00 
78.06 

27.47 
114.36 

69.29 
91.39 

8.16 
84.30 

Sheep  II. 


600  grams  hay  fed,  . 
200  grams  clover  seed,    . 

Total  consumed, 
303.60  grams  manure  excreted, 

Grams  digested, 
Minus  liay  digested, 2 

Clover  seed  digested, 

Per  cent,  digested,   . 


533.10 

183.06 


716.16 

284.47 


431.69 

289.69 


142.00 
77.57 


9.17 
14.77 


23.94 
2.70 


21.24 

7.28 


13.96 
94.5: 


34.  SI 
10.76 


45.5' 
34.03 


11.54 

7.8 


3.67 
34.11 


33.21175.92 


95.98 
37.29 


199.94 
86.00 


58.69113.94 


12.53 


46.16 
73.54 


98.25 


15.69 
65.32 


278.65 

75.82 


354.47 
121.87 
232.60 
166.55 
66.05 
87.11 


10.50 
9.68 


20.18 
7.42 

12.76 
4.64 


8.12 
83.88 


Sheep  III. 


600  grams  hay  fed, 

200  grams  clover  seed, 

533.10 
183.06 

9.17 
14.77 

34.81 
10.76 

33.21 

62.77 

175.92 
24.02 

278.65 
75.82 

10.50 
9.68 

Total  consumed, 

321.90  grams  manure  excrtteil,    . 

716.16 
302.81 

23.94 
3.09 

45.57 
34.28 

95.98 
38.24 

199.94 
87.63 

354.47 
134.72 

20.18 
7.93 

Grams  dige8ted,3 

Minus  hay  digested 

413.35 
274.71 

20.85 
6.55 

11.29 
5.76 

57.74 
12.17 

112.31 
93.47 
18.84 
78.43 

219.75 
158.89 
60.86 
80.27 

12.25 

3.88 

Clover  seed  digested,       .... 
Per  cent,  digested, 

138.64 

75.74 

14.30 

96.82 

5.53 
51.39 

45.57 
72.60 

8.37 
86.47 

1  Used  average  coefficient  of  Sheep  I.,  Periods  IV.  and  XII. 

2  Used  average  coefficient  of  Sheep  II.,  Periods  IV.  and  XII. 
8  Used  coefficients  of  Sheep  III.,  Period  IV. 
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Summary  of  the  Results. 

CompoiiUinn  of  the  Feeds  (Per  Cent.). 


Galactan.i 

Ash. 

Protein. 

Fiber. 

Extract 

Matter. 

Fat. 

Hay 

Clover  seed, 

1.72 
8.07 

6.53 

5.88 

6.23 
34.29 

33.00 
13.12 

52.27 
41.42 

1.97 
5.29 

Digestibility  of  the  Feeds  (Per  Cent.). 


Dry 

Matter. 

Galactan. 

Ash. 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

Hay  (all  sheep),     . 
Clover  seed.  Sheep     I., 
Clover  seed.  Sheep   11., 
Clover  seed.  Sheep  III., 

53.50 
88.16 

77.57 
75.74 

75.35 
96.01 
94.52 
96.82 

20.50 
68.12 
34.11 
51.39 

37.00 
78.06 
73.54 
72.60 

55.00 
114.36 
65.32 
78.43 

59.00 
91.39 
87.11 

80.27 

42.00 
84.30 

83.88 
86.47 

Average,  . 

1;0.49 

95.78 

51.21 

74.73 

86.04 

86.26 

84.55 

The  analysis  and  digestibility  "of  the  hay  were  made  in  con- 
nection with  a  series  of  digestion  experiments  at  the  station. 
It  appeared  to  contain  rather  more  galactan  than  other 
samples  examined. ^ 

A  previous  complete  analysis  of  alsike  clover  seed  does 
not  appear  to  be  recorded.  It  contained  a  high  percentage 
of  protein  and  a  normal  amount  of  galactan. 

The  results  of  the  digestion  experiment  with  the  three 
sheep  show  the  total  dry  matter  of  the  clover  seed  meal  to 
have  been  fairly  well  digested,  although  the  coefficients  are 
noticeably  lower  than  those  on  record  for  soy  beans,  peas, 
vetch  and  lupine  (85  to  90  per  cent.). 

The  galactan  in  the  hay  is  shown  to  be  75  per  cent,  diges- 
tible. Because  of  the  small  quantity  present,  the  results 
are  of  minor  importance.  All  three  sheep  digested  the 
galactan  in  the  clover  seed  quite  thoroughly.  Such  a  result 
was  to  have  been  expected,  for  the  reason  that  in  the  seed 
the  galactan  is  supposed  to  be  comparatively  free  from  in- 

1  It  may  be  assiimed  that  the  galactan  belongs  almost  wholly  to  the  nitrogen-free 
extract  matter. 

-  Whether  the  substance  obtained  was  pure  galactan,  or  consisted  ])artly  of  impuri- 
ties that  it  was  not  possil)le  to  remove,  it  is  difficult  to  say.  Lindsey  and  Holland 
found  a  trifle  less  than  1  per  cent,  in  another  sample. 
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crusting  substancies,  which  have  been  shown  by  various 
investigators  to  seriously  interfere  with  the  digestibility  of 
the  several  fodder  groups. ^  Naturally,  no  positive  conclu- 
sions should  be  drawn  from  the  present  single  investigation. 
Knowing,  however,  the  physiological  and  chemical  character 
of  the  galactan,  as  well  as  the  digestion  coefEcients  obtained 
with  starch  and  with  the  pentosans,  —  Ijodies  of  similar 
character,  —  it  is  reasonably  safe  to  conclude  that  the  results 
secured  give  a  fairly  correct  idea  of  the  ability  of  the  animal 
to  utilize  the  galactan  group. 

I  The  pentosans,  fifteenth  report  of  the  Hatch  Experiment  Station,  p.  118. 
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3.     The  Feeding  Value  of  Apple  Pomace. 


BY   J.    B.    LINDSEY. 


There  is  often  considerable  discussion  in  tlie  agricultural 
press  and  among  farmers  concerning  the  value  of  apple 
pomace  as  a  food  for  dairy  and  beef  cattle  ;  with  a  view  to 
getting  a  little  positive  data,  this  station  instituted  a  number 
of  experiments,  the  results  of  which  are  here  briefly  stated. 


(«)    Comjjosifion  of  Ajyple  Potnace 

{Per 

Cent.) 

• 

Water. 

Ash. 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

Sample  I 

Sample  II 

Corn  silage  for  comparison, 

81.40 
80.20 
80.00 

.73 

.00 
1. 10 

.94 
l.OI 
1.70 

3.00 
3.1!) 
5.40 

13.03 
13.73 
11.10 

.90 
1.27 

.70 

It  will  be  seen  from  the  above  figures  that  apple  pomace 
is  a  carbohydrates  feed  similar  to  corn  silage.  It  contains 
about  the  same  amount  of  water  (four-fifths) ,  rather  less 
protein  and  fiber,  and  a  larger  proportion  of  extract  matter. 
Whether  the  extract  matter  in  the  pomace  is  as  valuable, 
pound  for  pound,  as  that  contained  in  the  corn,  has  not 
been  thoroughly  demonstrated. 

{IS)  Digefitihility  of  Apple  Pomace. 
The  value  of  a  feed  cannot  always  be  measured  by  its 
composition.  A  food  is  valuable  as  a  source  of  nutrition 
only  in  so  far  as  its  various  constituents  can  be  digested  and 
assimilated.  This  station  has  made  two  different  experi- 
ments to  ascertain  the  digestibility  of  the  pomace,  and  the 
detailed  results  are  to  be  found  elsewhere  in  this  report. 
The  summary  follows  :  — 
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Summary  of  Experiments  (^Fer  Cent.^. 


u  o 
""ho  • 

111 

1 

u 
0 

"3 

< 

o 
u 
Ph 

o 

1 

Apple  pomace  (first  experiment), 
Apple  pomace  (second  experiment), . 

3 
3 

72.5 
70.6 

54.7 

42.8 

- 

61.6 
67.3 

84.5 
84.3 

47.2 
43.4 

Average 

Dent  corn  silage  (for  comparison),    . 
Flint  corn  silage  (small  varieties), 

6 

i: 
11 

71.5 
64.0 
75.0 

48.7 

52.0 
65.0 

64.4 
62.0 
77.0 

84.4 
69.0 
79.0 

45.3 
85.0 
82.0 

The  results  show  the  total  dry  matter  in  apple  pomace  to 
be  about  as  digestible  as  in  the  best  gi-ades  of  silage.  The 
protein  content  of  the  pomace  is  small, — about  1  per  cent., 
—  and  it  has  not  been  possible  by  present  methods  to  fix  its 
digestibility.  Judging  from  the  composition  and  digesti- 
bility of  the  pomace,  one  would  feel  justified  in  assuming 
that,  pound  for  pound,  it  should  approach  in  feeding  value 
an  average  quality  of  corn  silage. 

(c)  Exfperiment8  wiflt  Dairy  Animals. 
While  this  station  has  not  carried  out  any  exhaustive  com- 
parative tests  with  pomace  and  other  coarse  feeds,  it  has  fed 
the  pomace  a  number  of  seasons  to  dairy  animals.  The 
material  was  drawn  fresh  from  the  mill,  and  placed  in  a 
large  pile  under  cover.  A  noticeable  quantity  of  juice 
gradually  drained  from  it,  but  it  kept  in  good  condition  for 
two  months.  The  animals  received  from  15  to  30  pounds 
daily,  ate  it  readily,  and  the  results  were  quite  satisfactory. 
In  one  case  two  cows  were  fed  alternatel}'  four  weeks  at  a 
time  on  grain  and  hay,  and  on  grain,  hay  and  pomace ;  25 
pounds  of  pomace  were  compared  with  5  pounds  of  hay. 
During  the  pomace  period  the  animals  produced  1,153 
pounds  of  milk,  and  gained  24  pounds  in  live  weight ;  dur- 
ing the  hay  period,  1,138  pounds  of  milk,  and  lost  6  pounds 
in  weight.  On  this  basis,  5  pounds  of  pomace  were  more 
than  equivalent  to  1  pound  of  hay.  Judging  from  this 
fe(»ding  test  and  from  the  coiii})osltion  and  digestibility  of 
the  pomace,  it  seems  probable  that  4  pounds,  when  fed  in 
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what  is  termed  a  "  halanced  ration,"  would  be  equal  in  feed- 
ing value  to  1  pound  of  good  cow  hay. 

The  Vermont  Experiment  Station  has  fed  apple  pomace 
for  four  years,  using  in  all  twenty  cows  in  the  several  trials. 
The  pomace  was  shovelled  into  the  silo,  levelled  off,  and 
kept  in  good  condition  without  further  care.  In  some  cases 
it  was  placed  on  top  of  the  corn  silage  after  the  latter  had 
settled.  The  quantity  fed  varied  from  10  to  35  pounds 
daily,  with  no  unfavorable  effects.  As  a  result  of  the  sev- 
eral experiments,  the  Vermont  station  concludes  that  the 
pomace  is  equivalent  in  feeding  value  to  an  equal  weight  of 
avemge  corn  silage,^  and  that  it  is  without  injurious  effect 
on  the  flavor  of  milk  and  butter. 

Farmers  are  cautioned  not  to  feed  too  large  quantities  at 
first,  but  to  begin  with  10  pounds  daily,  and  to  gradually 
increase  the  quantity  to  30  pounds,  taking  a  week  or  more 
in  which  to  do  it.  In  this  way,  danger  of  a  sudden  milk 
shrinkage,  or  of  the  animals  getting  "off  feed,"  as  is  some- 
times reported,  may  be  avoided.  Judging  from  all  the  data 
available,  it  is  believed  that  farmers  living  in  the  vicinity  of 
cider  mills  will  find  it  good  economy  to  utilize  the  pomace 
as  a  food  for  their  dairy  stock. 

1  There  is  doubt  iu  the  mind  of  the  writer  whether  pomace  would  prove  fully  equal 
to  well-preserved  and  well-eared  corn  silage;  it  certainly  would  approach  it  in  feeding 
value,  aud  ought  to  be  fully  utilized. 
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4.     Blomo  Feed  for  Horses. 


J.    B.    LINDSEY   AND   P.    II.    SMITH. 


Blomo  feed  ^  is  a  mixture  of  ground  corn  stalks,  or  similar 
material,  with  dried  blood  and  refuse  molasses.  It  is  almost 
black  in  color,  slightly  sticky  to  handle,  and  of  a  bulky, 
fibrous  nature.  It  has  been  extensively  advertised  as  a  satis- 
factory partial  oat  substitute  for  horses,  and  is  guaranteed  to 
contain  15  percent,  protein  and  1.19  percent,  fat.  Feeds 
of  similar  character   have   been    in   use   for  some  time  in 

Europe. 

Composition  of  Blomo  Feed  (Per  Cent.). 


Water. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Blomo  feed, .... 
Oats  for  comparison, 
Corn  for  comparison, 

20.2 
11.0 
11.0 

9.0 
2.9 
1.4 

14.7 
12.9 

10.8 

12.1 

8.5 
1.9 

43.3 

59.6 
70.2 

.7 
5.1 
4.7 

It  will  be  seen  from  the  foregoing  table  that  Blomo  feed 
contains  more  protein  and  decidedly  less  fat  and  starchy 
matter  than  either  oats  or  corn.  Part  of  the  extract  matter 
consists  of  cane  sugar  derived  from  molasses.  The  ash  con- 
tent is  considerably  in  excess  of  either  oats  or  corn. 

Digestibility  of  Blomo  Feed. 
A  digestion  experiment^  was  recently  completed  at  this 
station,  with  the  following  results  :  — 

Digestion  Coefficients  {Per  Cent.). 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Blomo  feed, 

Oats  for  comparison,    . 

Corn  (cracked)  for  comparison. 

66.7 
72.0 

88.0 

31.4 

33.0 

62.7 
86.0 
76.0 

61.4 
31.0 

76.0 
79.0 
96.0 

15.3 
82.0 
73.0 

1  Made  by  the  Blomo  Manufacturing  Company,  New  York,  N.  Y. 
3  With  sheep. 
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IHgcslible  NairieiiLfi  in  a   Ton  {l'(mndi<). 


Protein. 

Fiber. 

Nitro^fU- 

free 
Extract. 

Fat. 

184 

149 

058 

'2 

2'2'2 

53 

94-2 

84 

104 

- 

1,348 

G9 

Total 

Organic 

Nutrients. 


Bloino  feeil,     . 

Oats  for  comparison,    . 

Corn  meal  for  comparison. 


993 
1,301 
1,581 


It  will  be  seen  that  the  coefficients  obtained  from  the 
Blomo  are  noticeably  less  than  those  from  either  corn  or 
oats.  The  fat  coefficient  is  of  minor  importance,  because  of 
the  small  quantity  present.  It  is  an  established  fact  that 
horses  digest  less  fiber  than  sheep,  hence  the  digestion  co- 
efficient for  the  fiber  in  the  Blomo  feed,  when  ai)plicd  to 
horses,  is  probably  too  high;  a  coefficient  of  50  would  be 
nearer  correct. 

Applying  the  digestion  coefficients  to  the  composition  of 
the  several  feeds,  and  calculating  the  digestible  organic 
nutrients  in  1  ton,  it  becomes  evident  that  the  Blomo  con- 
tains some  20  per  cent,  less  digestible  organic  matter  than 
oats,  and  some  35  per  cent,  less  than  corn.  This  is  due  to 
the  comparatively  undigestible  character  of  the  filler  em- 
ployed. 

Cost  of  Digestible  Mailer  in  a   Ton. 

Allowing  $32.50  a  ton  for  Blomo  ($1.30  an  80-pound 
bag),  $31  a  ton  for  oats  (50  cents  a  bushel  of  32  pounds), 
and  $28  a  ton  for  corn  meal,  the  cost  of  a  pound  of  digesti- 
ble matter  in  each  of  the  several  feeds  would  be  as  follows  :  — 

Cents. 

Blomo,     . 3.28 

Oats 2.40 

Corn  meal,      .       . 1.77 

At  the  above  prices,  it  will  be  seen  that  digestible  matter 
costs  nearly  twice  as  much  in  the  form  of  Blomo  feed  as 
when  purchased  in  corn  meal,  and  about  one-third  more 
than  in  the  form  of  oats. 
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Feeding  Trials  ivith  Horses. 
Four  horses  belonging  to  the  agricultural  division  of  the 
station  were  employed  for  the  purpose.     These  horses  did 
hard  farm  work,  which  naturally  varied  somewhat  in  char- 
acter and  amount  from  time  to  time. 

Trial  I. 

Object.  —  The  object  of  the  trial  was  to  see  if  the  horses 
would  eat  Blomo  readily,  maintain  their  weight,  and  keep  in 
as  orood  working  condition  as  when  fed  their  regular  ration. 

Rations  fed. — The  ordinary  ration,  previous  to  the  be- 
ginning of  the  trial,  consisted  of  (3  quarts  of  oats,  (3  quarts 
of  corn,  and  what  hay  the  animals  would  eat  clean.  The 
trial  ration  consisted  of  G  quarts  of  Blomo  in  place  of  (3 
quarts  of  oats,  (3  quarts  of  corn,  and  hay.  The  Blomo  and  oats 
should  have  been  compared  pound  for  pound,  but  through 
a  misunderstanding  they  were  fed  quart  for  quart,  so  that 
4.2  pounds  of  Blomo  were  fed  against  6  pounds  or  more  of 
oats.i  The  horses  were  gradually  placed  on  the  Blomo  ra- 
tion. Three  ate  it  readily,  while  the  fourth  refused  more 
or  less  of  it  at  first,  but  eventually  took  the  entire  quantity 
without  objection. 

Duration  of  the  Trial. — The  trial  began  March  19  and 
lasted  until  July  5.  During  this  time  all  four  horses  were 
kept  constantly  on  the  same  ration,  and  in  no  case  did  they 
fail  to  take  the  full  quantity  of  Blomo  daily. 

Weight  and  Condition  of  the  Horses.  —  The  horses  were 
weighed  two  mornings  weekly  before  being  fed  or  watered. 


Average  Weight  at  Beginning  and  End  of  Trial  (Potmds). 

1904. 

No.l. 

No.  2. 

No.  3. 

No.  4. 

March  19 

July  5, 

1,248 
1,243 

1,288 
1,270 

1,368 
1,358 

1,195 
1,193 

The  weight  varied  slightly  from  week  to  week,  but  it  is 
evident  that  the  ration  was  sufficient  to  enable  the  animals 
to  keep  in  good  condition  and  do  the  work  required. 


'  Unfortunately,  this  department  (lid  not  have  the  direct  care  of  tlie  animals,  lience 
coiilcl  not  closely  supervise  the  det.'iils  of  the  trial. 
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While  the  trial  was  in  jH'ogToss  it  was  found  tliat  tlie  Bloino 
feed,  which  had  been  obtained  directly  from  the  manufac- 
turers, was  several  per  cent,  below  its  protein  guarantee. 
They  claimed  that  this  was  due  to  carelessness  on  the  part 
of  their  chemist,  and  forwarded  another  lot,  with  the  recjuest 
that  it  be  used  in  place  of  the  first  shipment. 

Trial  II. 

In  the  second  trial  the  same  horses  were  used. 

Object  of  the  Trial.  — The  object  of  the  trial  was  to  com- 
pare the  Blomo  feed  with  oats  as  a  partial  grain  substitute 
for  work  horses. 

Plan  and  Duration  of  the  Trial.  —  The  four  horses  were 
divided  into  lots  of  two  each.  In  the  first  half  of  the  trial 
horses  Nos.  1  and  4  received  the  Blomo  ration,  and  horses 
Nos.  2  and  3  the  oat  ration.  In  the  second  half  these  con- 
ditions were  reversed.  Each  half  lasted  six  weeks,  as  fol- 
lows :  — 


Blomo  Ration. 


Oat  Ration. 


Length 

(in 
Weeks). 


July  18  through  August  2y, 
September  5  through  October  17, 


Horses  Nos.  1  and  4, 
Horses  Nos.  2  and  3, 


Horses  Nos.  2  and  3, 
Horses  Nos.  1  and  4, 


Character  of  Rations.  —  The  rations  were  in  all  cases 
measured  out  by  the  regular  feeder.  The  same  misunder- 
standing existed  as  in  the  former  trial  regarding  the  relative 
weight  of  the  Blomo  and  oats,  the  feeder  giving  equal  meas- 
ure instead  of  weight  of  each.  This  resulted  in  the  com- 
parison of  approximately  4.2  pounds  of  Blomo  with  6  pounds 
of  oats,  which  was  manifestly  unfair  to  the  Blomo. 


Blomo  Ration  fed  daily. 
6  quarts  Blomo  feed. 
6  quarts  cracked  corn. 
Hay  (judgment  of  feeder) . 


Oat  Ration  fed  daily. 
6  quarts  oats. 
6  quarts  cracked  corn. 
Hay  (judgment  of  feeder) . 
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Weights  of  Horses  (Poimds). 


Blomo. 

Oats. 

HOKSES. 

Beginning. 

End. 

Gain  or 
Loss. 

Beginning. 

End. 

Gain  or 

Loss. 

No.  1,        .        .        . 
No.  2, 
No.  3, 
No.  4, 

],'230 
l,-.>05 
1,3'JO 
1,180 

1,245 
1,3.)0 
1,370 
1,205 

15+ 
55+ 

20— 
25+ 

1,255 
1,2(;5 
1,325 
1,200 

1,240 
1,21)0 
1,375 
1,195 

15— 

25+ 

50+ 

5— 

Totals,      . 

5,095 

5,170 

■75+ 

5,045 

5,100 

55+ 

These  horses  made  a  slight  gahi  in  each  case,  indicating 
that  botli  rations  were  rather  more  tlian  suiBcient  to  furnisli 
tlie  necessary  nutrients  for  the  worlv  performed.  Because 
of  tlie  uneven  character  of  the  worli  from  day  to  day,  it  is 
not  possible  to  say  that  one  ration  gave  any  better  results 
than  the  other.  It  can  simpl}^  be  stated  that  the  horses  ate 
the  Blomo  ration  readily,  kept  in  good  condition,  and  did 
satisftictory  work  during  the  trial. 

Keeping  Quality  of  Blomo. 
The  first  lot,  of  1  ton,  obtained  in  March,  contained  21.5 
per  cent,  of  moisture.  It  was  fed  gradually  until  late  June, 
when  480  pounds,  or  about  one-quarter,  had  spoiled.  The 
second  lot,  of  ^2  ton,  contained  20  per  cent,  of  water,  and 
Avas  fed  from  early  July  until  late  October,  during  which 
time  450  pounds,  or  nearly  one-half,  had  become  sour.  This 
lot  underwent  a  slight  decomposition  during  the  warm, 
muggy  weather  of  August  and  September.  It  will  be  quite 
necessary  for  the  manufacturers  to  reduce  the  moisture  con- 
tent to  12  or  less  per  cent.,  in  order  to  prevent  such  changes, 
especially  during  the  warm  season. 

Conclusions. 

1.  Blomo  feed  was  eaten  readil3%  excepting  that  one  of 
the  horses  objected  to  it  during  the  first  week  of  thc^  trial. 

2.  Considerable  of  the  Blomo  spoiled  on  being  kept  dur- 
ing the  warm  weather,  and  it  will  be  necessary  for  the 
manufacturers  to  reduce  the  moisture  content,  in  order  to 
overcome  this  difficulty. 
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3.  It  contained  noticeably  less  digestible  matter  than  corn 
or  oats,  and,  at  prices  usually  prevailing,  the  nutritive  mat- 
ter it  contains  nmst  be  regarded  as  decidedly  expensive. 

4.  No  injurious  effect  was  noted  from  feeding  a  consider- 
able quantity  of  Blomo  as  a  component  of  the  daily  ration 
during  a  i)eriod  of  seven  months.  The  horses  kept  in  good 
condition  and  did  satisfactory  work. 

5.  Owing  to  a  misunderstanding,  whereby  the  Blomo  and 
oats  were  fed  measure  for  measure,  instead  of  Aveight  for 
weight,  it  was  not  possible  to  directly  compare  the  feeding 
value  of  these  two  feeds. 

6.  No  particular  advantage  is  to  be  gained  from  the  use 
of  Blomo  feed,  other  than  securing  a  change  from  the  regular 
corn  and  oat  diet. 
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REPOKT   OF   THE   CHEMIST. 


DIVISION   OF   FERTILIZERS   AND   FERTILIZER 
MATERIALS. 


CHARLES   A.    GOESSMANN. 

Assistants:   iienri  d.  haskins,  richard  h.  Robertson,'  edward 

G.    PROULX. 


Part     I. — Rej)oi't  on  Ofticial  Inspection  of  Commercial   Fertilizers. 
Part    II.  —  Report  on  General  Work  in  the  Chemical  Laboratory. 


Part  L  —  Repoet  ox  Official  Inspection  of 
Commercial  Fertilizers  and  Agricultural 
Chemicals  during  the  Season  of  1904. 


CHARLES   A.    GOESSMANN. 


The  total  number  of  manufacturers,  importers  and  dealers 
in  commercial  fertilizers  and  agricultural  chemicals  who 
have  secured  licenses  during  the  past  season  is  66  ;  of  these, 
38  have  offices  for  the  general  distribution  of  their  goods  in 
Massachusetts,  8  in  New  York,  8  in  Connecticut,  3  in  Ver- 
mont, 2  in  Pennsylvania,  2  in  Ohio,  1  in  Rhode  Island,  1  in 
Canada,  1  in  New  Jersey,  1  in  Maryland  and  1  in  Arkansas. 

Three  hundred  and  twenty-nine  brands  of  fertilizers  and 
agricultural  chemicals  have  been  licensed  in  Massachusetts 
during  the  year.     Five  hundred  and  seventy-six  samples  of 

1  Died  Sept.  10,  1904. 
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fertilizers  have  been  collected  up  to  the  present  time,  in  our 
general  markets  by  experienced  assistants  in  the  station. 
Five  hundred  and  twenty-five  samples  were  analyzed  at  the 
beginning  of  December,  1904,  representing  295  distinct 
brands  of  fertilizers.  These  analyses  were  published  in  two 
bulletins  of  the  Hatch  Experiment  Station  of  the  Massa- 
chusetts Agricultural  College  :  No.  100,  July,  and  No.  102, 
November,  1904.  Other  official  samples  not  included  in 
these  two  bulletins  will  be  reserved  for  our  next  publication 
in  March,  1905.  By  comparing  the  above  statements  with 
those  of  our  previous  annual  reports,  it  will  be  seen  that 
there  is  a  gradual  increase  in  the  number  of  fertilizers  that 
are  licensed  in  the  State  of  Massachusetts  from  year  to  year. 
This  fact  would  tend  to  show  an  increased  consumption  of 
these  articles,  and  would  emphasize  the  importance  of  their 
annual  inspection  from  a  commercial  agricultural  standpoint. 
Twenty-three  more  brands  of  fertilizers  have  been  licensed 
during  the  past  season  than  in  the  previous  year. 

The  following  table  gives  in  compact  form  an  abstract  of 
the  results  of  analyses  of  official  commercial  fertilizers  :  — 


(a)  Where  tliree  essential  elements  of  plant  food  were  guaranteed : 
Number  with  three  elements  equal  to  or  above  the  highest  guarantee. 
Number  with  two  elements  above  the  highest  guarantee, 
Number  witli  one  element  above  the  highest  guarantee,  . 
Number  with  three  elements  between  the  lowest  and  highest  guarantee 
Number  with  two  elements  l)etween  the  lowest  and  highest  guarantee 
Number  with  one  element  between  the  lowest  and  highest  guarantee, 
Number  witli  three  elements  below  the  lowest  guarantee. 
Number  witli  two  elements  below  the  lowest  guarantee,  ... 
Number  with  one  element  below  the  lowest  guarantee,     ... 

(6)  Where  two  essential  elements  of  plant  food  were  guaranteed :  — 
Number  with  two  elements  above  tlie  higliest  guarantee, 
Numljer  with  one  element  above  the  highest  guarantee,    . 
Numljer  with  two  elements  between  the  lowest  and  highest  guarantee 
Number  with  one  element  between  the  lowest  and  highest  guarantee. 
Number  witli  two  elements  below  the  lowest  guarantee,  . 
Number  with  one  element  below  the  lowest  guarantee,     . 

(c)  Where  one  essential  element  of  plant  food  was  guaranteed :  — 

Number  aliove  the  highest  guarantee, 

Number  between  the  lowest  and  highest  guarantee 

Number  below  the  lowest  guarantee 


19 

91 
207 
118 

42 
2 

24 
100 


7 
32 
111 
190 
146 
48 
none 
12 
103 


From  the  above  table  it  will  be  seen  that,  on  the  whole, 
the  quality  of  the  fertilizers  that  have  been  licensed,  collected 
and  examined  during  the  past  year  is  higher  than  in  the  pre- 
vious season  of  1903. 
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Trade  Values  of  Fertilizing  Ingredicnls  in  Ihi/W  Maierials  and  Chei)iicals, 
1903  and  1904  {Cents 2>cr  Pound). 


1903.     1904. 


Nitrogen  in  ammonia  salts 

Nitrogen  in  nitrates, 

Organic  nitrogen  in  dry  and  fine  ground  fish,  meat,  blood,  and  in  high- 

gi-ade  mixed  fertilizers. 
Organic  nitrogen  in  tine  bone  and  tankage,         .... 
Organic  nitrogen  in  medium  bone  and  tanl;age, 
Phosphoric  acid  soluble  in  water,  .       .       .       . 
Phosphoric  acid  soluble  in  ammonium  citrate,    .... 
Phosphoric  acid  in  flne-ground  fish,  bone  and  tankage,   . 
Phosphoric  acid  in  cotton-seed  meal,  castor  pumace  and  wood  ashes,  . 

Phosphoric  acid  in  coarse  fish,  bone  and  tankage, 

Phosphoric  acid  insoluble  (in  Avater  and  ammonium  citrate)  in  mixed 

fertilizers. 

Potash  as  sulfate  (free  from  chloride) 

Potash  as  muriate 


17.50 
15.00 
17.00 

16.50 
12.00 
4.50 
4.00 
4.00 
4.00 
3.00 
2.00 


5.00 
4.25 


17.50 
16.00 
17.50 

17.00 
12.50 
4.50 
4.00 
4.00 
4.00 
3.00 
2.00 

5.00 
4.25 


A  comparison  of  the  market  costs  of  the  diflerent  essential 
ingredients  of  plant  food  for  1904  with  the  previous  year 
shows  the  following  v-ariation  :  nitrogen  in  the  form  of 
nitrates  is  a  cent  higher  per  pound  ;  the  higher  grades  of 
organic  nitrogen,  including  nitrogen  classed  in  high-grade 
mixed  fertilizers,  are  half  a  cent  higher  in  cost  than  for  the 
year  1903  ;  the  cost  of  the  diflerent  forms  of  phosphoric  acid 
and  potassium  oxide  remains  the  same  as  in  the  previous  year. 

As  in  the  past,  the  above  schedule  of  trade  values  was 
adopted  by  representatives  of  the  Massachusetts,  Connecti- 
cut, Rhode  Island,  Maine,  Vermont  and  New  Jersey  experi- 
ment stations,  at  a  conference  held  during  the  month  of 
March,  1904,  and  is  based  upon  the  quotations  in  ton  lots  of 
the  leading  standard  raw  materials  furnishing  nitrogen, 
phosphoric  acid  and  potash,  and  which  go  to  make  up  the 
bulk  of  our  commercial  fertilizers.  These  quotations  are 
taken  from  the  fertilizer  markets  in  centres  of  distribution 
in  New  England,  New  York  and  New  Jersey  during  the  six 
months  preceding  March,  1904. 

Table  A,  on  the  following  page,  gives  the  average  analysis 
of  officially  collected  fertilizers  for  1904;  Table  B  gives  a 
compilation  of  analyses,  showing  the  maximum,  minimum 
and  average  percentages  of  the  diflerent  essential  ingre- 
dients of  plant  food  found  in  the  special  crop  fertilizers,  so 
called,  put  out  by  the  diff'erent  manufacturers  during  the 
season  of  1904. 
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A  study  of  Table  B  teaches  the  same  lessons  as  in  the 
past.  It  is  a  much  safer  plan  to  study  om*  fertilizer  bulk^- 
tins,  when  selecting  a  supply  of  commercial  fertilizers,  than 
to  depend  upon  mere  trade  names.  Oftentimes  the  fertilizer 
costing  the  most  per  ton  is  the  cheapest  and  most  economical 
fertilizer  to  use  if  applied  to  the  soil  intelligently.  Every 
farmer  should  know  the  requirements  of  his  soil,  in  order  to 
judiciously  select  his  supply  of  fertilizers.  No  iron-clad 
rule  can  be  laid  down  for  selecting  fertilizers,  as  conditions 
vary  so  widely  on  difterent  soils ;  it  is  safe  to  saj^  however, 
that  for  general  use  those  fertilizers  should  be  purchased 
which  furnish  the  greatest  amount  of  the  three  essential 
elements  of  plant  food  in  a  suitable  and  available  form  for 
the  same  money. 


List  of  Manufacturers  and  Dealers  ivholuwe  secured  Certificates  for  the 
Sale  of  Commercial  Fertilizers  in  the  State  during  the  Past  Year 
(Mat/  1,  1904,  to  May  1,  1903^,  and  the  Brands  licensed  by  Each. 

The  American  Agricultural  Chemical  Co. 


The  American  Agricultural  Chemical  Co., 
Boston,  Mass. :  — 
Brightmau's  Fish  and  Potash. 
Douhle  Manure  Salt. 
Dissolved  Bone-black. 
Dried  Blood. 
Dry  Ground  Fish. 
Fine-ground  Bone. 
Fine-ground  Tankage. 
Grass  and  Lawn  Top-dressing. 
Ground  South  Carolina  Phospluite. 
High-grade  Fertilizer  with  Ten  I'er 

Cent.  Potash. 
High-grade  Sulfate  of  Potash. 
Kainit. 

Muriate  of  Potash. 
Nitrate  of  Soda. 
Plain  Superphosphate. 
Tobacco  Starter  and  Grower. 

The  American  Agricultural  Chemical  Co. 
(Bradley  Fertilizer  Co.,  branch),  Bos- 
ton, Mass. :  — 

Abattoir  Bone  Dust. 

Bradley's  Complete  Manure  for  Corn 
and  Grain. 

Bradley's  Complete  Manure  for 
Onions. 

Bradley's  Complete  Manure  for  Pota- 
toes and  Vegetables. 

Bradley's  Complete  Manure  for  Top- 
dressing  Grass  and  Grain. 

Bradley's  Complete  Manure  with  Ten 
Per  Cent.  Potash. 

Bradley's  Corn  Phosphate. 

Bradley's  Eclipse  Phosphate. 


(Bradley  Fertilizer  Co.,  branch),  Bos- 
ton, Mass.  —  Con. 

Bradley's  EngUsh  Lawn  Fertilizer. 

Bradley's  Niagara  Phosphate. 

Bradley's  Potato  Fertihzer. 

Bradley's  Potato  Manure. 

Bradley's  Seeding-down  Manure. 

Bradley's  X  L  Superphosphate. 

Columbia  Fish  and  Potash. 

Church's  Fish  and  Potash. 

The  American  Agricultural  Chemical  Co. 
(H.  J.  Baker  &  Bro.,  branch).  New 
York,  N.  Y. :  — 

Baker's  A  A  Ammoniated  Phosphate. 

Bakei''s  Complete  Potato  Manure. 

The  American  Agricultural  Chemical  Co. 
(Clark's  Cove  Fertilizer  Co.,  branch), 
Boston,  Mass. :  — 

Clark's  Cove  Bay  State  Fertilizer. 

Clark's  Cove  Bay  State  Fertilizer,  G  G. 

Clark's  Cove  Great  Planet  Manure. 

Clark's  Cove  King  Philip  Guano. 

Clark's  Cove  Potato  Fertilizer. 

Clark's  Cove  Potato  Manure. 

The  American  Agricultural  Chemical  Co. 
(Crocker  Fertilizer  and  Chemical  Co., 
branch),  Buffalo,  X.  Y. :  — 
Crocker's  A  A  Complete  Manure. 
Crocker's  Corn  Phosphate. 
Crocker's .  Potato,  Hop  and  Tobacco 
Phosphate. 
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Tlu-  Ainoricau  Agrii-ultmul  i'homioal  Co. 
(Ciuuberlaiut  Uoiie  1'  li  o  s  p  U  ate  Co., 
liraiu'ht,  Boston,  Mass.:  — 

Cinnlierlaiul  Potato  Fertilizer. 

Cmnborlaud  Superpliospliate. 

The  American  Agrioulturai  Chemical  Co. 
(L.  1>.  Darling  Fertilizer  Co.,  branch), 
Tawtucket,  R.  I.;  — 
Darling's  Blood,  Bone  and  I'otasli. 
Darling's   Complete    Ten    Per   tent. 

Manure. 
Darling's  Farm  Favoi'lte. 
D.'irling's  Geuer.'d  Fertilizer. 
Darling's  Potato  and  Hoot  Crop 

Manure. 
D.'irling's  Potato  Manure. 
D.'irling's  Tobacco  Grower. 

The  American  Agricultural  Chemical  Co. 
(Gn\'it  Eastern  Fertilizer  Co.,  branch\ 
RutlaiuU  Vt.:  — 
(.harden  5>viecial. 
tieneral  Fertilizer. 
Grass  and  Oats  Fertilizer. 
Northern  Corn  Spwial. 
Vegetable,  Vine  and  Tobacco. 

The  American  Agricultural  Chemical  Co. 
,  Pacitic  Guano  Co.,  branch),  Boston, 
Mass.:  — 

Pacitic  High-grade  General. 

I'acitic  Xobsque  Guano. 

Pacitic  Potato  Special. 

Soluble  Pacitic  Guano. 

The  American  Agricultural  Chemical  Co. 
^Packers'  Union  Fertilizer  Co.,  branch\ 
Kutlami.  Vt.  :  — 

Animal  Corn  Fertilizer. 

Gaixlener's  Complete  ^tanure. 

Potato  Manure. 

Universal  Fertilizer. 

Wheat,  Oats  and  Clover  Fertilizer. 

The  American  Agricultui-al  Chemical  Co. 
(Quinnipiac  Co.,  branch),  Boston, 
Mass. :  — 

Quiuuipiac  Climax  Phosphate. 

Quinnipiac  Corn  Manure. 

Quinnipiac  Havana  Tobacco  Fertil- 
izer. 

Quinnipiac  Market-garden  Manure. 

Quinnipiac  Onion  Manure. 

Quinnipiac  Phosphate. 

Quinnipiac  Potato  Manure. 

Quinnipiac  Potato  Phosphate. 

The  American  Agricultural  Chemical  Co. 
(Read  Fertilizer  Co.,  branch),  New 
York,  N.  Y.:  — 

Read's  Farmers'  Friend. 

Read's  High-grade  Farmers'  Friend. 

Read's  Practical  Potato  Special. 

Read's  Standard.  . 

Read's  Vegetable  and  Vine. 


The  .\merican  .\gricultural  Chemical  Co. 
(St.'iudard  Fertilizer  Co.,  branch),  Bos- 
ton, Mass.:  — 

Standard  Complete  Manure. 

Standard  Fertilizer. 

Stiindard  CJuauo. 

Standard  Spei'ial  for  Potatoes. 

The  American  Agricultural  Chemical  Co. 
(Henry  F.  Tucker  Co.,  bniuch),  Boston, 
Mass. :  — 
Tucker's  Original    Bay  State   Bone 

Superphosphate. 
Tucker's  Special  Potato  Feitilizer. 

The    American    Agricultural     Chemical 
Co.  (AVilliams  &  Clark  Fertilizer  Co., 
branch),  Boston,  Mass:  — 
Williams  &  Clark's  Americus  I'hos- 

phate. 
Williams  \-  Clark's  Corn  Phosphate. 
Williams  &  Clark's  High-grade  Spe- 
cial. 
Williams  &  Clark's  Potato  Manure. 
Williams  i^  Clark's  Potato  Phosphate. 
Williams  &  Clark's  Prolific  Crop  Pro- 
ducer. 
Williams  &  Clark's  Royai  Bone  Phos- 
phate?. 

The  .American  Agricultural  Chemical  Co. 
(M.  E.  Wheeler  &  Co.,  branch),  Rut- 
land, Vt. ;  — 
Corn  Fertilizer. 
Bermuda  Onion  Grower. 
Grass  and  Oats  Fertilizer. 
Havana  Tobacco  Fertilizer. 
Potato  Manure. 

W.  H.  Abbott,  Holyoke,  Mass.:  — 
Animal  Fertilizer. 
Eagle  Brand. 
Tobacco  Fertilizer. 

The  Abbott  &  3lartiu   Rendering   Co., 
Columbus,  O. :  — 
Abbon's  Tobacco  and  Potato  Special. 
Harvest  Kiug. 
Ideal  Grain  Grower. 

The  American  Cotton  Oil  Co.,  New  York, 
N.  Y. :  — 
Cotton  seed  Meal. 
Cotton-seed  Hull  Ashes. 

American  Linseed  Co.,  New  York,  N.  Y. :  — 
Cleveland  Flax  Meal. 

Armour    Fertilizer    Works,     Baltimore, 
Md.:  — 
All  Soluble. 

Ammoniated  Bone  with  Potash. 
Bone  Meal. 

Blood.  Bone  and  Potash. 
Grain  Gi\>wer. 
Hish-grade  Potato. 
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il.  .J.  I'.aki'iiiiicl  I'.io.,  N<'\v  VittK,  N   Y.:  - 
CJiiHtDi'  ruiniice. 

lU;!i(!li  Soitp  Co.,  Lawrence,  Mhbh.  :  — 
IJcnc.h's  Advance  Brand, 
lieacli's  Fertilizer  IJon(^ 
IJeacii's  Reliance. 
IJeacli'H  Universal. 

IJcrliHiiire  Fertilizer  Co.,   15  r  idge  ))  o  r  t , 
Conn. :  — 
IJerkshire  Complete  Fertilizer. 
Tierksliire   AnunoninliMl    Hoiu;    IMius- 

plmte. 
Herksliire  I'otatoand  \'e><etal)le  I'Iidh- 
phate. 

Joseph  Breck  &  Sons,  Boston,  Mass. :  — 
l!re<!k'9  Lawn  and  Garden  Dressing-. 
Ureck's  ftlarket-garden  Manure. 

T.dwUor  Fertilizer  Co.,  Boston,  Mass. :  — 

ISone,  Blood  and  I'otiiHli. 

Bowker's  Anniioiiinl-i'd  Food  for  l<'lo\v- 

ers. 
Bowker's  Bone  and  Wootl  Asli    Fer- 
tilizer. 

Bowker's  Coniidete  Mixture. 

Bowker's  Double  Manure  Salts. 

Bowker's    Farm    and    (Jardcn    I'lios- 
phatc. 

Bowker's    Fish  and   I'otash   (Square 
Brand). 

Bowker's  Ground  Bone. 

Bowker's  Hlj^li-grad'!  Fertilizer. 

Bowker's  Hill  and  Drill  I'liosphate. 

Bowker's  Kaiiiit. 

Bowker's  Lawn  and  (iarden  Dressing. 

Bowker's  Potato  and  Vet;ctable  Fer- 
tilizer. 

Bowker's  rotasli  Bone. 

Bowker's  Market-Garden  Fertilizer. 

Bowker's  I'otato  and  Vegetable  I'lios- 
pliate. 

Bowker's  Soluble  Animal  Fertilizer. 

Bowker's  Special  Onion  Manure. 

Bovi'ker's  Superphospliate. 

Bowker's  Sure  Crop  I'liosphate. 

Bowker's  Tankage. 

Bowker's  Ton  Per  Cent.  Manure. 

Bowker's  Tobacco  Ash  Fertilizer. 

Bowker's  'rol)acco  Starter. 

Bristol  Fish  and  Potash. 

Corn  Phosphate. 

Dissolved  Bone-black. 

Dried  Blood. 

Early  Potato  Manure. 

Fine  Dry  Ground  Fish. 

Fish  and  Potash  (D  Brand). 

Gloucester  Fish  and  Potash. 

Muriate  of  Potash. 

Kitrato  of  Soda. 

Stock) iridge  Siiecial  Manures. 

Sulfate  of  Ammonia. 


l'.o\vl>cr    I<'ertilizcr  Co.,    Boston,    Mass.— 
('(III. 
Sull'ate  of  I'otasli. 
Tol)acco  Ash  Kl(^m('nts. 
Wooil  Aslics. 

'1'.  II.  r.uiich,  Little  Hock,  Ark.:  — 
Cottonseed  Meal. 

(Jliarles  M.  Cox  &  Co.,  Boston,  Mass.:  — 
Cotton-seed  Meal. 

Cliicopeo     Rendering     Co.,     Springllelil, 
Mass.:  — 
Pure  Ground  Bone. 
Complete  Animal  Fertilizer. 
Lawn  and  Garden  Dressing. 
Tankage. 

K.  Frank  Coc  Co.,  New  York,  N.  Y. :  — 

American  Farmers'  A  ni  m  o  n  i  a  t  e  d 
Bone. 

A merican  Farmers'  Conii)lete  Manure. 

American  Farmers'  Corn  King. 

American  Farmers'  Grass  and  (Jrain. 

American  Farmers'  Market-garden 
Special. 

Columbian  Corn  Fertilizer. 

Columbian  Potato  Fertilizer. 

E.  Frank  Coe's  F  P  Fish  and  I'otasli. 

E.  Frank  Coe's  Gold  Brand  Excel- 
sior Guano. 

K.  Frank  Coe's  High-grade  Ammo- 
niated  Bone  Superphosphate. 

10.  Frank  Coe's  Nitrate  of  Soda. 

E.  Frank  Coe's  Tobacco  and  Onion 
Fertilizer. 

Celeljrated  Special  I'otato. 

Fxcelsior  Potato  Fertilizer. 

New  England(!r  Corn  b'ertilizer. 

New  Englaiider  Potato  Fertilizer. 

Red  Brand  Excelsior  Guano. 

XXX  Ground  Bone. 

.John  C.  Dow  &  Co.,  Boston,  Mass.  :  — 
Dow's  Pure  Ground  Bone. 

Fastern  Chemical  Co.,  Boston,  Mass.  :  — 
Imperial  Grass  Fertilizer. 
Imperial  Plant  Food. 

William  E.  Fyfe  &  Co.,  Clinton,  Mass. :  — 
Canada  Unleached  ITard-wood  Ashes. 

R.  &  J.  Farquhar  &  Co.,  Boston,  Mass. :  — 
Clay's  London  Fertilizer. 
Thompson's    Improved    Vine,    I'lar.t 
and  Vegetable  Manure. 

Hargraves  Soap  Co.,  Fall  River,  Mass. :  — 
Ground  Bone  Fertilizer. 

The  Hardy  Packing  Co.,  Columbus,  O. :  — 
Hardy's  Complete  Manure. 
Hardy's  Tankage,  Bone  and  Potash. 
Hardy's  Tobacco  and  I'otato  S|)ecial. 
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C.  W.  Hastings,  Cambridgeport,  Mass.  :  — 
Ferti  Flora. 

Thomas  Ilersom  &  Co.,  New   Bedforti, 
Mass. :  — 
Bone  Meal. 
Meat  and  Bone. 

John  Joynt,  Lucknow,  Can. :  — 

Pure  Canada  Unleached  Hard-wood 
Ashes. 

Lister's   Agricultural   Chemical    Works, 
Newark,  N.  J. :  — 
Lister's  Animal  Bone  and  Potasli. 
Lister's  High-grade  Special. 
Lister's  Oneida  Special. 
Lister's  Potato  Manure. 
Lister's  Special  Corn. 
Lister's  Special  Potato. 
Lister's  Success  Fertilizer. 

Lowell  Fertilizer  Co.,  Boston,  Mass. :  — 
Acid  Phosphate. 
Muriate  of  Potash. 
Nitrate  of  Soda. 
Swift's  Lowell  Animal  Brand. 
Swift's  Lowell  Bone  Fertilizer. 
Swift's  Lowell  Dissolved  Bone   and 

Potash. 
Swift's  LoweU  Dissolved  Bone-black. 
Swift's  Lowell  Empi'ess  Brand. 
Swift's  Lowell  Ground  Bone. 
Swift's  Lowell  Lawn  Dressing. 
Swift's  Lowell  Market  Garden. 
Swift's  Lowell  Potato  Manure. 
Swift's  Lowell  Potato  Phosphate. 
Swift's  Lowell  Tankage. 

George  E.  Marsh  &  Co.,  Lynn,  Mass. :  — 
Pure  Bone  Meal. 

Mapes  Formula  and  Peruvian  Guano  Co., 
New  York,  N.  Y. :  — 
Average  Soil  Complete  Manure. 
Cauliflower  and  Cabbage  Jlanure. 
Complete  Manure  (A  Brand). 
Complete  Manure  for  General  Use. 
Complete    Manure    Ten    Per    Cent. 

Potash. 
Corn  Manure. 

Economical  Potato  Manure. 
Fruit  and  Vine  Manui'e. 
Grass  and  Grain  Spring  Top-dressing. 
Lawn  Top-dressing. 
Potato  Manure. 
Tobacco  Ash  Constituents. 
Tobacco  Manure  Wrapi)er  Brand. 
Tobacco  Stiirter  Improved. 
Top-dressing    Improved,   One-half 

Strength. 
Vegetable  ISIanurc  or  Complete  Manure 

for  Liglit  Soils. 


D.  M.  Moulton,  Mouson,  Mass.  :  — 
Ground  Bone. 

National     Fertilizer     Co.,      Bridgeport, 
Conn.:  — 
Chittenden's  Ammoniated  Bone. 
Chittenden's  Complete  Fertilizer. 
Chittenden's  Fish  and  Potash. 
Chittenden's  High-grade  Sjjecial. 
Chittenden's  Market  Garden. 
Chittenden's  Potato  Phosphate. 
Chittenden's  Tobacco  Manure. 

New    England    Fertilizer    Co.,    Boston, 
Mass. :  — 
Corn  Phosphate. 
Potato  Fertilizer. 
Superphosphate. 

Olds  &  Whipple,  Hartford,  Conn.  :  — 
Complete  Tobacco  Fertilizer. 
Vegetable  Potash. 

R.  T.  Prentiss,  Holyoke,  Mass.:  — 
Complete  Fertilizer. 

I'armenter  &  Polsey  Fertilizer  Co.,  Pea- 
body,  Mass.:  — 
A  A  Brand. 
Acid  Phosphate. 
Lawn  Dressing. 
Grain  Grower. 
Muriate  of  Potash. 
Nitrate  of  Soda. 
P.  &  P.  Potato. 
Plymouth  Rock  Brand. 
Special  Fertilizer  for  Strawberries. 
Special  Potato. 
Sulfate  of  Potash. 

Jacob  Reese,  Darby,  Penn. :  — 
Odorless  Slag  Pliosphate. 

Rogers    &    Hubbard    Co.,    Middletown, 
Conn. :  — 
Hubbard's  All  Soils    and  All  Crops 

Fertilizer. 
Hubbard's  Corn  Phospliate. 
Hubbard's  Grass  and  Grain  Fertilizer. 
Hubbard's  Oats  and  Top-dressing. 
Hubbard's  Potato  Pliosphate. 
Hubbard's  Pure  Raw  Knuckle  Bone 

Flour. 
Hubbard's  Soluble  Corn. 
Hul)bar<rs  Solul)le  Potato  Manure. 
Hubbard's  Soluble  Tobacco  Manure. 
Hubbard's  Strictly  Pure  Fine  Bone. 

Rogers     Manufacturing     Co.,     Rockfall, 
Conn. :  — 
All  Round  Fertilizer. 
Complete  Corn  and  Onion. 
Complete  Fish  and  PoUisli. 
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Rogers    Manufacturing    Co.,    Kockl'all, 
Conn.  —  Con. 
Complete  Potato  and  Vegetable. 
High-grade  Grass  and  Grain. 
High-grade  Oats  and  Top-dressing. 
High-grade  Tobacco  and  Potato. 
High-grade  Soluble  Tobacco. 
Nitrate  of  Soda. 
Pure  Fine-ground  Bone. 

Ross  Bros.,  AVorccster,  Mass. :  — 
Ross  Brother's  Lawn  Dressing. 

N.    Roy    &    Son,    South    Attleborough, 
Mass. :  — 
Complete  Animal  Fertilizer. 

Russia  Cement  Co.,  Gloucester,  Mass. :  — 

Essex  Complete  Manure  for  Corn, 
Grain  and  Grass. 

Essex  Complete  Manure  for  Potatoes, 
Roots  and  Vegetables. 

Essex  Corn  Fertilizer. 

Essex  Dry  Ground  Fish. 

Essex  A  I  Superphosphate. 

Essex  Market  Garden  and  Potati> 
Manure. 

Essex  Odorless  Lawn  Dressing. 

Essex  Rhode  Island  Special  for  Pota- 
toes and  Roots. 

Essex  Special  Tobacco  Manure. 

Essex  Tobacco  Starter. 

Essex  XXX  Fish  and  Potasli. 

Muriate  of  Potash. 

Nitrate  of  Soda. 

Salisbury  Cutlery  Handle  Co.,  Salisbury, 
Conn.  :  — 
Fine  Bone. 

M.  L.  Shoemaker  &  Co.,  Limited,  Phila- 
delphia, Penn. :  — 
Swift  Sure  Superphosphate  for  Gen- 
eral Use. 
Swift  Sure  Bone  Meal. 


Sanderson's  Fertilizer  and  Chemical  Co., 
New  Haven,  Conn. :  — 
Sanderson's  Corn  Superphosphate. 
Sanderson's  Fine-ground  Fish. 
Sanderson's  Formula  A. 
Sanderson's  Formula  15. 
Sanderson's  Sulfate  of  Potash. 
Sanderson's  Potato  Manure. 
Sanderson's    Special    with    Ten    Per 

Cent.  Potash. 
Sanderson's  Top-dressing  for  (irass 

and  Grain. 

Tliomas  L.  Stetson,  Randolph,  ISlass. :  — 
Bone  Meal. 

J.  Stroup,  Son  &  Co.,  Boston,  Mass.:  — 
Canada  Hard-wood  Unleached  Ashes. 

A.  L.  Warren,  Northborough,  Mass.  :  — 
AVarren's  Ground  Bone. 

Tlie   Whitman  &  Pratt   Rendering   Co., 
I..owell,  Mass. :  — 
Whitman  &  Pratt's  All  Crops. 
Whitman  &  Pratt's  Corn  Success. 
Whitman  &  Pratt's  Potato  Plowman. 
AVhitman  &  Pratt's  Pure  Ground  Bone. 

Wilcox  Fertilizer  Works,  Mystic,  Conn. :  — 
Complete  Bone  Superphosphate. 
Dry  Ground  Fish. 
Fish  and  Potash. 
High-grade  Tobacco  Special. 
Potato  Fertilizer. 
Potato,  Onion  and  Vegetable. 

Sanford  Winter,  Brockton,  Mass. :  — 
Pure  Fine-ground  Bone. 

.T.    M.    Woodard    &     Bro.,    Greenfield, 

Mass. :  — 
Tankage. 

A.  H.  Wood  &  Co.,  Framingham, Mass. :  — 
A  A  Brand. 
B  B  Brand. 
C  C  Brand. 
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Part  II.  —  Report   o:n"   Gen^eral  Work  zn"   the 
Chemical  Laboratory. 


C.   A.    GOESSMANN. 


1.  Analyses  of  materials  forwarded  for  examiuation. 

2.  Notes  on  wood  ashes  and  lime  ashes. 

3.  Notes  on  phosjahatic  slag  and  experiments  with  native 

phosphates. 

1.     Analyses  of  Materials  ropavARDED  for 
Examination. 

This  department  of  our  work  has  been  of  tlie  same  general 
character  as  in  past  years.  We  have  received  during  the 
season  283  samples  of  miscellaneous  substances  from  farmers 
within  our  State  for  analysis  ;  this  is  48  more  than  was  re- 
ceived during  the  season  of  1903. 

As  far  as  time  and  facilities  permit,  Ave  have  devoted  our 
attention  to  the  examination  of  this  class  of  materials,  the 
substances  being  taken  up  for  analjsis  in  the  order  of  their 
arrival  at  this  oliice.  During  the  season  of  the  official  in- 
spection of  connnercial  fertilizers,  April  1  to  November,  our 
time  is  so  completely  occupied  that  work  in  this  class  of 
general  materials,  for  the  benefit  of  individual  farmers,  has 
to  give  place,  in  a  measure,  to  the  control  Avork  of  inspec- 
tion. For  this  reason  we  would  urge  those  sending  samples 
for  free  analysis  to  forward  them,  so  far  as  possible,  between 
November  1  and  April  l,thus  insuring  more  prompt  reports 
in  results  of  analysis. 

As  in  the  past,  we  have  taken  an  active  part  in  the  technical 
work  of  the  Association  of  Official  Agricultural  Chemists  for 
the  establishment  of  new  methods  of  analysis.  Many  deter- 
minations were  made  on  samples  forwarded  by  the  association 
to  test  the  efficacy  of  several  new  methods  of  detei'mining 
potash  and  the  various  forms  of  phosi)horic  acid. 
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Foll()\viiii>-  is  !i  list  of  nmterials  foi'wardod  bv  tanuers  and 


iii;in"i-iu  mill   ('jL^iiiiiAatiuu 

>    UlU 

li:;^     tlH"    M*lt«»)ll    (U     i 

vy)"*  :  — 

Wood  ashes, 

oO 

Steamed  bone. 

. 

2 

Soils,    .... 

47 

Wool  dust,     . 

. 

2 

Complete  fertilizers. 

32 

Wool  wasti', 

. 

2 

Lime  aslies,  . 

14 

Dried  blood, 

2 

Tankage, 

10 

Sewage, 

. 

2 

Ground  bone, 

9 

Pulp  ashes,   . 

. 

Nitrate  of  soda. 

8 

Cotton  compost,     . 

Miscellaneous  substances. 

9 

Carbonate  of  potash 

-magnesi 

I,     1 

Low-grade  sulfute  of  potasli. 

7 

Silicate  of  potash. 

Muck,  .... 

7 

High-grade  sulfate  of  potash 

Meadow  mud. 

7 

Nitrate  of  potasli,  . 

('otton-seed  meal. 

G 

Belgian  ^^hos^jhate. 

. 

Dry  ground  fish,    . 

5 

Raw  bone,     . 

. 

Mill  refuse,  . 

5 

Dissolved  bone,     . 

^lanure, 

5 

Lime  and  nitrate  of 

soda. 

Acid  phosphate,     . 

4 

Guinea  pig  manure, 

• 

Peat,     .... 

4 

Liquid  manure. 

• 

Cotton-hull  ashes. 

3 

Sheep  manure, 

• 

Muriate  of  potash. 

3 

Lime  refuse  from  tannery, 

Lime,    .... 

3 

Waste  lime,  . 

Dissolved  bone-black,    . 

3 

Granulated  lime,  . 

Cotton-seed  droppings, 

2 

Plaster, 

Cotton-seed  dust,  . 

2 

Raw  hide  dust. 

Sulfate  of  ammonia. 

2 

Cocoa  shells, 

Carbonate  of  potash, 

2 

Dandelion  roots,    . 

Phosphatic  slag,    . 

2 

Clover  roots, 

2.  Notes  on  Wood  Ashes  and  Lime  Aseges. 
(«)  Wood  Ashes.  —  Seventeen  and  one-half  per  cent,  of 
the  materials  forwarded  for  analysis  during  the  season  haVe 
been  wood  ashes,  being  about  the  same  proportion  as  that 
for  the  year  1903.  The'  following  abstract  of  results  of 
anal3^sis  shows  their  general  chemical  character,  also  a  com- 
parison in  results  of  analysis  with  the  previous  year  1903  :  — 
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Analysis  of  Wood  Ashes. 


Number  oi-  Samples. 

1903. 

1904. 

Moisture  from  1  to  10  per  cent., 

Moisture  from  10  to  20  per  cent 

Moisture  from  20  to  30  per  cent 

Bloisture  above  30  per  cent. 

Potassium  oxide  above  8  per  cent. 

Potiissium  oxide  from  6  to  7  per  cent. 

Potassium  oxide  from  .5  to  G  per  cent., 

Potassium  oxide  from  4  to  5  per  cent., 

Potassium  oxide  from  3  to  4  per  cent., 

Potassium  oxide  below  3  per  cent., 

Pliosplioric  acid  from  1  to  2  per  cent., 

Phosplioric  acid  above  2  per  cent., 

Phosphoric  acid  below  1  per  cent 

Average  per  cent,  of  calcium  oxide  (lime), 

Insoluble  matter  below  10  per  cent 

Insoluble  matter  from  10  to  15  per  cent 

I nsolultle  matter  above  15  per  cent., 

11 

14 

9 

3 

2 

4 

8 
12 

8 

3 

34 

none 

3 
29.39 

12 
17 

18 
16 

8 

3 

2 

8 

6 
12 
10 

7 
30 

3 

12 

30.16 

6 
18 
20 

Table  showing  the  Maximum,  Minivmm,  and  Avei^age  Per  Cents,  of  the 
Different  Ingredients  fotmd  in  Wood  Ashes  for  the  Seasons  of  1903 
and  1904. 


Maximum. 

Minimum. 

Average. 

1903. 

1904. 

1903. 

1904. 

1903. 

1904. 

Moisture,     .... 

37.34 

37.85 

2.27 

none 

15.23 

14.42 

Potassium  oxide. 

8.15 

11.04 

1.68 

.80 

4.76 

4., 51 

Phosphoric  acid, 

1.80 

6.07 

.46 

.28 

1.37 

1.37 

Calcium  oxide,  . 

35.75 

42.86 

22.33 

19.73 

29.39 

30.16 

Insoluble  matter. 

28.85 

47.21 

1.40 

4.56 

15.07 

18.35 

From  the  above  tables  it  will  be  seen  that  the  percentage 
of  potassium  oxide  in  the  wood  ashes  received  during  the 
season  is,  on  the  average,  somewhat  less  than  for  the  pre- 
vious season.  The  average  of  phosphox'ic  acid  is  the  same; 
while  tlie  average  percentage  of  lime  is  somewhat  higher 
than  for  1903. 
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A  study  of  those  tables  will  emphasize  the  importance  of 
buying  this  class  of  material  on  a  statement  of  a  guaranteed 
composition.  Wo  would  urge  all  parties  to  ask  for  a  posi- 
tive guarantee  of  the  amount  of  potassium  oxide,  phosphoric 
acid  and  calcium  oxide  (although  our  State  law  does  not 
oblige  the  manufacturer  to  guarantee  the  latter  element,  it 
should  be  required  when  buying  this  class  of  fertilizers)  said 
to  be  contained  in  this  or  similar  classes  of  fertilizers.  We 
would  also  advise  all  })arties  to  patronize  those  dealers  and 
importers  who  have  complied  with  our  State  laws  by  secur- 
ing a  license  for  the  sale  of  their  article  in  Massachusetts. 
It  is  only  in  this  way  that  protection  by  our  State  laws  can 
be  secured. 

{b)  Iji'me  Jishe.s. — What  has  been  said  regarding  wood 
ashes  applies  Avith  ecjual  force  to  lime  ashes.  They  should 
always  be  bought  on  a  statement  of  the  guarantee  of  lime, 
potash  and  phosphoric  acid  which  thc}^  contain,  as  they  are 
more  apt  to  vary  widely  in  chemical  composition  than  even 
wood  ashes. 

Table  shoiving  the  Maximum,  Minimum  and  Average  Per  Cents,  of  the 
Different  Ingredients  found  in  Lime  Ashes  for  the  Seasons  of  1903 
and  1904. 


Maximum. 

Minimum. 

Average. 

1903. 

1904. 

1903. 

1904. 

1903. 

1904. 

Moisture 

Pot:issium  oxide, 
I'liosphoric  acid, 
Calcium  oxide,  . 
Insoluble  matter, 

23.16 

3.3-2 

l.(i6 

55.44 

26.50 

86.62 
2.46 
1.48 
55.24 
25.47 

10.47 
.76 
.03 

32.42 
1.10 

none 

.06 

trace 

21.92 

2.76 

15.66 

1.86 

.63 

41.15 
6.46 

10.88 

1.54 

.74 

42.93 
8.11 

From  the  above  comparison  it  will  be  seen  that  the  lime 
ashes  during  the  present  season  analyzed  a  little  higher  in 
lime  and  a  little  lower  in  potash  than  in  1903. 


3.  Notes  on  Phosphatic  Slag  and  Experiments  with 
Native  Phosphates. 
In  one  of  our  previous  annual  reports  (thirteenth  annual 
report,  1901,  of  Hatch  Experiment  Station  of  Massachusetts 
Agricultural  College,  pp.  68-70)  we  have  discussed  in  detail 
the  history  and  timely  appearance  of  the  basic  slag  phosphate 
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in  our  general  markets.  In  this  article  we  pointed  out  the 
special  modes  of  analysis  that  were  in  use  in  testing  this 
material,  also  certain  changes  that  have  taken  place  in  many 
localities  in  preparing  the  phosphatic  slag  by  the  addition 
of  silica  in  a  fusing  process  to  change  the  free  lime  which  is 
present  in  the  slag  to  a  silicate  of  lime,  thus  showing,  it  is 
claimed,  a  larger  percentage  of  available  phosphoric  acid. 

Samples  of  phos})hatic  slag  have  been  collected  in  our 
general  markets  during  the  past  year.  This  would  indicate 
that  this  class  of  material  was  claiming  the  attention  of  agri- 
culturists more  than  in  the  past.  The  extensive  introduction 
of  new  methods  of  iron  manufacture  has  largely  increased 
the  supply  of  phosphatic  slag.  Results  of  field  experunents 
have  shown  the  superior  value  of  this  material  and  demon- 
strated its  fitness  as  a  manurial  matter.  In  view  of  the 
above  facts,  we  have  again  taken  this  subject  up  for  dis- 
cussion. 

The  following  table  gives  the  results  of  analysis  of  samples 
of  phosphatic  slag  made  at  the  laboratory  during  1004,  in 
comparison  with  the  average  of  anal3'ses  of  slags  made  at 
the  station  in  years  past.  Sam})le  I.  Avas  imported  from 
England  in  1904;  Sample  II.  was  collected  in  our  general 
markets  during  the  spring  of  1004  ;  Sample  HI.  was  the 
average  of  all  previous  analyses  made  at  the  station. 

Analysis  of  Samples  (Per  Ce)it.). 


Siiuiple  I. 


Sample  II. 


Sample  III. 


Moisture 

Total  phosphoric  acid, 
Available  phosphoric,  a<'i(l, 
Insoluble  phosphoric  acid, 
Calcium  oxide, 
Insoluble  matter, . 


.15 
18.61 


50.58 


none 
•20.52 
4.96 
15.. 56 

46.78 
18.78 


.09 
20.61 

4.05 
19.02 
50.32 

6.59 


From  the  results  of  the  above  compilation  of  anah'ses  it 
will  be  seen  that  the  present  phosphatic  slag  does  not  differ 
materially  from  that  of  the  past.  The  two  samples  analyzed, 
during  the  year  showed  the  presence  of  free  lime,  which  fact 
was  recognized  and  the  mode  of  analysis  was  so  modified  as  to 
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counteract  the  action  of  the  tree  lime  before  subjecting  the 
samples  to  the  usual  treatment  with  neutral  citrate  of  am- 
monia for  the  dermination  of  the  available  phosphoric  acid. 
The  attempt  to  imitate  the  phosphatic  slag,  by  fusing 
apatite  with  soda  ash  at  600°  to  800°  C,  Avas  mentioned  in 
our  })revious  annual  report.  Observations  have  been  ex- 
tended along  this  line  during  recent  years  by  fusing  natural 
phosphates  with  carnallite  and  kieserite  for  ten  to  fifteen 
minutes,  at  a  temperatiu-e  of  650°  to  800°  C.  This  treat- 
ment gave  a  compound  analyzing  :  — 


Per  Cent. 

Total  phosphoric  acid,    ..... 

20.71 

Phosphoric  acid  soluble  in  2  per  cent,  citric 

acid 

solution,     ....... 

15.23 

Calcium  oxide,       ...... 

9.92 

Magnesium  oxide,           ..... 

10.20 

Potassium  oxide,   ...... 

6.85 

Chlorine,        ....... 

16.47 

It  was  reported  that  the  effect  of  this  fertilizer  on  oats  and 
peas  was  somewhat  superior  to  phosphatic  slag,  as  regards 
the  yield  of  o'rain. 

Another  substitute  for  slag  phosphate  is  described  by 
Prof.  P.  Wagner  :  100  parts  of  coarsely  crushed  phosphorite 
is  fused  with  70  parts  of  acid  sodium  sulfate ;  20  parts  of 
calcium  carbonate,  22  parts  of  sand  and  6  to  7  parts  of  coal; 
this  gave  a  product  testing  15.7  per  cent,  phosphoric  acid, 
practically  all  of  Avhich  was  soluble  in  citric  acid  solution. 
Pot  experiments  were  conducted  on  oats,  grown  on  loam 
soil,  by  the  aid  of  this  mixture,  alongside  of  similar  experi- 
ments conducted  with  a  superphosphate  testing  17.7  per 
cent,  water-soluble  phosphoric  acid  and  18.9  per  cent,  total 
phosphoric  acid  and  phosphatic  slag,  testing  18  per  cent, 
citric  acid  soluble  phosphoric  and  19.9  per  cent,  total  phos- 
phoric acid.  The  fused  mixture  gave  as  quick-acting  and 
effective  results  as  the  superphosphate,  and  also  gave  results 
superior  to  the  basic  slag  phosphate. 

During  the  winter  of  1902  Mr.  H.  D.  Haskins  of  this 
department  made  some  interesting  experiments  in  fusing 
Canadian  apatite  Avith  a  mixture  of  sodium  and  potassium 
carbonates.     The  apatite  was  a  high-grade  material,  testing 
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31.22  per  cent,  phosphoric  acid  and  51.74  per  cent,  calcium 
oxide.  His  experiments  were  conducted  as  follows  :  1  part 
of  the  apatite  was  fused  with  4  parts  of  a  mixture  composed 
of  23  parts  of  sodium  carbonate  and  39  parts  of  potassium 
carbonate.  The  resulting  mass  was  extracted  with  water, 
and  showed  a  test  of  3.68  per  cent,  water-soluble  phosphoric 
acid.  The  residue,  u})on  treatment  with  neutral  citrate  of 
ammonia,  showed  a  test  of  2(3.78  per  cent,  of  reverted  phos- 
phoric acid,  leaving  only  .76  per  cent,  of  phosphoric  acid  in 
an  insoluble  form.  In  another  experiment  1  part  of  the 
apatite  was  fused  with  1.15  parts  of  the  same  fusing  mixture, 
this  amount  of  sodium  and  potassium  carbonate  being  theo- 
retically necessary  to  convert  all  of  the  phosphoric  acid  into 
phosphates  of  soda  and  potash.  The  resulting  mass  showed 
2.56  per  cent,  of  water-soluble  phosphoric  acid,  15.96  per 
cent,  of  reverted  phosphoric  acid  and  12.70  per  cent,  of  in- 
soluble phosphoric  acid.  Mr.  Haskins  also  made  experi- 
ments to  ascertain  to  ^\diat  extent  the  phosphoric  acid  in 
apatite  would  become  available  if  boiled  with  a  solution  of 
sodium  and  potassium  carbonate.  Several  strengths  of 
solution  were  used,  but  only  traces  of  phosphoric  acid  were 
dissolved,  the  residue  in  no  case  showing  over  1.98  per  cent, 
available  })hosphoric  acid.  From  the  above  observations  it 
will  appear  that  great  fields  are  opened  for  a  more  extensive 
use  of  our  natural  phosphates  when  introduced  in  a  suitable 
form  by  some  fusing  process. 

In  conclusion,  we  must  say  that  the  consumption  of  com- 
mercial fertilizers  is  ever  on  the  increase,  and  it  is  a  great 
satisfaction  to  feci  that  apparently  the  increased  consump- 
tion of  fertilizers  is  more  than  off-set  by  the  prospective 
increase  in  natural  supplies.  The  increased  production  of 
sulfate  of  ammonia  from  improved  methods  in  the  manufac- 
ture of  coke  from  bituminous  coal,  the  recent  discoveries  of 
new  potash  deposits  in  Saxony,  Ger.,  as  well  as  the  recent 
reported  discovery  of  nitrate  of  soda  beds  along  the  Pacific 
coast  in  the  United  States,  all  furnish  pleasant  reflections 
for  the  future  of  American  agriculture. 
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A  number  of  difterent  lines  of  investigation  liave  been 
begun  or  continued  during  the  year  1904,  in  addition  to 
what  nia}^  be  termed  the  routine  work  of  the  division. 

Experiments  to  determine  tlie  best  treatment  for  tlie  San 
Jose  scale,  begun  at  this  station  in  1902,  have  been  con- 
chided,  at  least  for  the  present,  as  they  have  resulted  in  so 
thoroughly  freeing  the  college  orchard  from  this  pest  as  to 
leave  no  material  for  further  experiment.  It  is  true  that 
the  scale  is  not  exterminated,  but  it  is  present  in  such  small 
numbers  that  several  years  must  elapse  before  the  orchard 
will  become  so  reinfested  as  to  be  of  any  value  for  experi- 
mental purposes.  On  the  other  hand,  it  is  impossible  under 
present  conditions  to  attempt  experimental  work  elsewhere, 
and  therefore  this  line  of  research  is  at  least  temporarily 
suspended. 

A  number  of  private  preparations  claiming  to  be  useful 
as  insecticides  have  been  tested  during  the  year,  with  vary- 
ing results  ;  but  none  have  thus  far  been  found  which  appear 
to  be  of  great  value.  Whether  it  is  worthwhile  to  take  the 
large  amount  of  time  necessary  for  these  tests,  when  the 
results,  if  they  should  ever  by  any  chance  prove  valuable, 
would  practically  only  produce  free  advertising  to  those 
manufacturing  them,  is  certainly  questionable,  particularly 
as  scarcely  any  of  these  substances  are  made  by  residents  of 
this  State. 

The  codling  moth  is  now  treated  by  spraying  during  the 
egg-laying  period  of  this  insect.  In  the  west  there  are 
several  broods  of  this  pest  each  3^ear,  but  in  Massachusetts 
there  seems  to  be  much  uncertainty  on  this  point.  For  two 
years  observations  have  been  conducted  to  determine    the 
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number  of  broods  of  this  insect,  and  the  proper  times  at 
which  to  spray  the  trees  in  order  to  obtain  the  best  results, 
Tlie  difference  in  seasons  is  of  course  a  factor  in  the  deter- 
mination of  these  points,  and  renders  it  necessary  that  the 
work  be  continued  for  a  term  of  years  before  final  results 
can  be  obtained. 

The  oyster-shell  scale  can  easily  be  controlled  by  mild 
sprays  if  these  are  applied  at  the  right  times,  but  two  years 
ago  no  one  in  Massachusetts  seemed  to  know  just  that  time. 
In  States  but  a  short  distance  south  this  pest  has  two  broods, 
and  it  has  been  doubtful  whether  there  were  not  two  here 
also.  In  order  to  determine  these  questions,  careful  obser- 
vations have  been  made  during  the  last  two  years,  and  must 
be  continued  for  several  more  in  order  to  obtain  reliable 
results. 

For  nearly  three  months  of  the  year  all  the  spare  time 
of  the  entomologists  was  devoted  to  the  preparation  of  an 
exhibit  for  the  Louisiana  Purchase  Exposition,  taking  time 
which  could  otherwise  have  been  devoted  to  experimental 
work.  The  nature  and  scope  of  this  exhibit  has  been  pre- 
sented elsewhere,  and  need  not  be  given  here. 

During  the  colder  months  of  the  year  experimental  work 
is  practically  impossible,  and  this  time  is  made  use  of  in 
putting  together  the  results  of  previous  investigations,  and 
drawing  conclusions  from  them  ;  in  classifying  and  arrang- 
inof  the  materials  ijathered  and  received  durins:  the  sunmier ; 
in  solving  the  more  complex  problems  connected  with  cases 
of  injury  difficult  to  reach  and  control  by  ordinary  means  ; 
and  in  original  investigations  of  various  kinds. 

The  correspondence  with  residents  of  the  State  requires  a 
large,  amount  of  time.  In  1903  this  was  less  than  usual, 
the  reasons  for  it  being  considered  in  the  last  report.  This 
year  it  has  resumed  its  normal  quantity,  about  1,500  in- 
quiries having  been  received  and  answered  by  letter,  or  by 
sending  printed  information  on  the  topics  concerned. 

Particular  effort  has  been  made  to  obtain  samples  of  the 
injuries  caused  by  insects,  these  being  often  markedly  char- 
acteristic, and  therefore  of  the  greatest  utility  in  a  collection 
so  constantly  referred  to. 
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The  card  catalogue  has  now  been  instaUed  in  a  new  case, 
capable  of  holding  1)0,000  cards,  and  is  in  constant  use;  in 
fact,  it  is  probably  the  most  useful  single  piece  of  api)aratus 
in  the  possession  of  the  division.  Additional  cards  are  con- 
stantly being  added  as  new  literature  is  published. 

Insects  of  the  Year. 

The  unusually  cold  weather  during  the  winter  of  1903-04, 
together  with  a  few  sudden  and  marked  fluctuations  of  the 
temperature,  was  not  without  its  effect  upon  insect  life,  as 
was  shown  last  summer,  though  perhaps  less  than  might  have 
been  expected. 

The  San  Jose  scale  was  destroyed  in  large  numbers  by  the 
winter-killing  of  trees,  and  to  some  extent  on  those  which 
survived  the  winter.  This  demonstrates  that  this  insect  is 
not  entirely  hardy  during  severe  winters  in  this  latitude. 
Unfortunately,  enough  succeeded  in  living  to  produce  many 
young  during  the  summer,  so  that  this  insect  is  now  some- 
what more  abundant  than  it  was  a  year  ago.  It  is  generally 
distributed  over  the  State  cast  of  the  western  slopes  of 
the  Connecticut  valley,  but  seems  not  to  have  penetrated 
the  Berkshire  hills  to  any  great  extent.  Spraying  with  the 
lime-sulphur  mixture  for  this  pest  has  been  made  use  of  by 
many  fruit  growers  and  others,  and  has  proved  to  be  an 
excellent  method  for  its  control. 

Plant  lice  and  root  maggots  have  been  fairly  abundant 
this  3'ear,  due  perhaps  to  their  great  increase  during  1903 
enabling  them  to  have  so  many  descendants  that  a  larger 
number  than  usual  succeeded  in  passing  the  winter. 

The  white  fly  {Aleyrode^)  in  greenhouses  has  apparently 
spread  in  all  directions,  complaints  of  the  destruction  it  has 
caused  having  been  received  from  all  parts  of  the  State. 

The  red  spider  (^Teti^anychus,  spp.)  has  also  been  very 
abundant,  both  in  greenhouses  and  outside,  where  a  charac- 
teristic brownish  tinge  on  the  leaves  of  aflected  plants  has 
often  been  very  noticeable. 

The  usual  amount  of  correspondence  about  the  treatment 
for  ants  in  houses  and  on  lawns,  about  cut- worms,  wire 
worms,  the  oyster-shell  and  scurfy  scales  and  the  various 
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soft  scales,  indicates  that  these  pests  have  been  as  abundant 
as  ever,  and  that  many  people  are  still  entirely  ignorant  of 
the  appearance  of  their  commonest  insect  foes. 

The  brown-tail  moth  has  continued  to  spread  over  the 
State,  and  has  been  found  in  Lunenburg,  Clinton  and  Whit- 
man, by  the  State  nursery  inspectors.  This  indicates  that 
the  insect  is  spreading  westward  rapidly,  and  that  it  will  be 
present  in  all  parts  of  Massachusetts  within  a  very  few  years. 
During  the  middle  of  July,  while  the  moths  were  flying,  it 
was  noticeable  that  they  were  attracted  to  light,  many  being 
destroyed  by  flying  into  open  arc  lights  on  the  streets,  in 
some  cases  fallino-  to  the  ground  below  the  lio-hts  in  such 
numljers  as  to  form  heaps  of  noticeable  size. 

It  has  usually  been  believed  that  the  amount  of  feeding 
done  by  these  insects  in  the  fall  was  so  slight  that  it  could 
be  ignored.  This  year,  however,  the  caterpillars,  after 
hatching  and  even  after  forming  their  tents,  fed  so  much  that 
where  they  yvere  abundant  all  the  foliage  was  skeletonized 
and  turned  brown.  This  was  very  noticeable  in  parts  of 
Belmont,  Arlington,  Winchester  and  elsewhere.  After  the 
pear  and  apple,  oaks  seemed  to  be  a  favorite  food  for  this 
insect,  and  the  browning  of  the  foliage  in  places  was  so 
great  that  newspapers  called  attention  to  ' '  an  extra  brood  " 
of  this  pest,  and  in  some  cases  discovered  that  it  was  "  a  new 
and  hitherto  unknown  insect"  which  was  causing  the  injury. 

The  gypsy  moth  is  now  generally  distributed  over  its 
original  territory,  and  in  one  or  two  places  has  spread 
beyond  it.  In  the  districts  where  it  is  most  abundant,  the 
destruction  it  formerly  caused  when  unchecked  is  again 
seen,  and  the  result  if  no  means  of  repression  or  control 
are  taken  can  easily  be  imagined  b}^  any  one  who  has  visited 
these  places.  Local  organizations  in  the  infested  districts 
are  taking  action  to  destroy  this  and  the  brown- tail  moth, 
and  are  doing  splendid  work  ;  but  this  should  be  supple- 
mented by  work  on  broader  lines  and  with  more  power  than 
local  organizations  possess,  if  lasting  results  are  to  be  hoped 
for. 
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REPORT   OF   THE   AGRICULTURISTS. 


Av>r.  r.  P.ROOKS;  assistants,  f.  k.  church,  s.  h.  haskell. 


The  work  of  the  agricultural  department  of  the  experi- 
ment station  during  the  past  year  has  in  the  main  followed 
the  genei'al  lines  of  investigation  which  have  recently  en- 
gaged attention.  These  for  the  most  part  are  connected 
with  questions  aftecting  the  selection  and  use  of  manures  and 
fertilizers.  To  give  results  of  value,  such  experiments  re- 
(j[uire  numerous  repetitions,  because  of  variation  in  product 
due  to  seasons  and  to  conditions  which  we  cannot  fully  con- 
trol. In  the  averages  of  a  series  of  years  the  influence  of 
such  variations  is  in  a  measure  eliminated,  and  deductions 
based  upon  such  averages  will  serve  as  a  basis  in  farm  prac- 
tice. 

The  work  of  the  past  season  has  involved  the  care  of  o^'er 
220  plots  in  the  open  field,  150  closed  plots  and  278  pots  in 
vegetation  experiments. 

Our  grass  garden,  which  includes  48  species  and  7  varie- 
ties, most  of  them  occupying  1  square  rod  of  land,  has  been 
cared  for  as  usual.  One-half  of  the  area  in  each  species  has 
been  kept  constantly  lawn-mown,  with  a  view  to  studying 
the  probable  effects  of  grazing;  and  a  considerable  number 
of  species  which  had  become  mixed  have  been  renewed, 
after  paring  and  burning  the  old  turf  for  the  destruction  of 
seeds  and  roots  of  weeds  and  other  grasses. 

Numerous  experiments  with  alfalfa,  both  on  our  own 
grounds  and  on  the  grounds  of  selected  farmers,  are  in 
progress.  The  results  of  this  work  are  to  be  given  in  a  bul- 
letin. It  suffices  for  the  present  to  say  that  we  have  nowhere 
attained  results  so  satisfactorj^  that  the  extensive  sowing  of 
this  crop  can  be  advised  ;  it  must  still  be  regarded  as  in  the 
experimental  stage. 
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A  few  cultures  of  nitrogen-assimilating  bacteria,  sent  out 
by  the  Department  of  Agriculture  for  use  with  legumes, 
have  been  tried,  and,  so  far  as  can  be  judged,  with  disap- 
pointing results.  A  bulletin  descriptive  of  this  work  and 
the  results  obtained  will  be  i)repared  in  due  time. 

We  have  increased  the  scope  of  our  work  with  the  new 
and  promising  varieties  of  timothy  received  from  Prof.  A. 
D.  Hopkins  of  the  West  Virginia  Experiment  Station,  five 
years  ago.  Several  of  these  are  distinct  improvements  upon 
the  ordinary  commercial  timothy,  and  these  are  being  in- 
creased as  rapidly  as  possible,  for  the  production  of  seed 
which  will  later  be  furnished  to  selected  farmers  for  trial. 

Variety  work  with  wheat,  oats  and  barley  has  engaged 
considerable  attention.  Seeds  of  31  varieties  which  for  a 
series  of  years  had  given  remarkable  crops  in  the  Dominion 
of  Canada  were  kindly  donated  for  the  purpose  by  Dr.  Wil- 
liam Saunders,  director,  Experimental  Farms  of  Canada.  It 
was  hoped  that  these  northern-grown  grains  might  prove 
valuable,  but  the  results  were  disappointing.  Practically^ 
all  varieties  were  afiected  by  rust,  and  the  yields  of  most 
were  small.  The  range  of  variation  in  the  crops  obtained 
was  as  follows  :  for  wheat,  at  the  rate  of  from  6  to  15  bushels 
per  acre  ;  for  barley,  at  the  rate  of  from  6  to  26  bushels 
per  acre  ;  for  oats,  at  the  rate  of  from  40  to  55  bushels  per 
acre.  Among  the  varieties  of  oats,  the  Improved  Ligowa, 
Bavarian,  Thousand  $  and  Wide  Awake  gave  the  best  yields, 
—  all  in  excess  of  50  bushels.  These  varieties  would  seem 
to  be  worthy  of  further  attention. 

The  work  with  poultry  has  been  along  the  same  lines  as 
last  year,  the  relations  of  food  combinations  to  egg  produc- 
tion being  the  subject  under  investigation. 

The  statement  of  results  obtained,  presented  in  detail  in 
this  report,  does  not  cover  all  the  experiments  in  progress. 

The  principal  subjects  of  inquiry  discussed,  and  the  more 
important  results,  are  as  follows  :  — 

I.  —  To  determine  the  relative  value  of  barnyard  manure, 
nitrate  of  soda,  sulfate  of  ammonia  and  dried  blood  as  sources 
of  nitrogen.  The  crop  of  this  year  was  })otatoes,  and,  on 
the  basis  of  yield,  the  rank  of  the  nitrogen-furnishing  mate- 
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rials  is  as  follows  :  barnyard  manuro,  nitrate  of  soda,  dried 
blood,  sulfate  of  ammonia.  The  nitrate  ranks  relatively 
lower  this  year  than  in  any  previous  year  of  the  experiment 
except  last.  On  the  basis  of  increases  in  all  the  crops  grown 
since  the  experiment  began,  as  compared  with  the  no-nitrogen 
plots,  the  materials  rank  as  follows  :  nitrate  of  soda,  100  ; 
barnyard  manure,  83.6  ;  dried  blood,  6().9  ;  sulfate  of  am- 
monia, 50. 9.  In  this  experiment  we  are  also  testing  the 
stubble  value  to  succeeding  crops  of  legumes  on  the  no-nitro- 
gen plots.  The  results  of  this  year  indicate  the  soy  bean 
crop  stubble  to  have  been  of  little  value. 

II.  — To  determine  the  relative  value  of  muriate,  as  com- 
pared with  high-grade  sulfate  of  potash,  for  field  crops.  The 
results  of  this  year  indicate  the  sulfate  to  be  considerably 
superior  to  the  muriate  both  for  rhubarb  and  for  cabbages. 

III. — To  determine  the  relative  value  of  different  potash 
salts  for  field  crops.  The  salts  under  comparison  are  high- 
grade  sulfate,  low-grade  sulfate,  kainit,  muriate,  nitrate,  car- 
bonate and  silicate.  The  crops  of  this  year  were  cabbages, 
field  corn  and  ensilaije  corn.  The  most  strikino^  results 
of  the  comparison  are  the  relatively  very  low  yield  of  the 
silicate  of  potash  and  the  relatively  high  yields  obtained  on 
the  nitrate  and  the  carbonate. 

IV.  —  To  determine  the  relative  value  of  phosphates  used 
in  quantities  furnishing  equal  phosphoric  acid  to  each  plot. 
The  crop  of  this  year  was  corn.  The  most  striking  result 
was  the  very  inferior  yield  produced  on  the  plot  where 
Florida  soft  phosphate  is  used.  This  result,  in  exact  agree- 
ment with  results  with  different  crops  in  earlier  years,  in- 
dicates a  very  low  degree  of  availability  for  this  phosphate. 

V.  — A.  Soil  test  with  corn.  The  crop  of  this  year,  the 
sixteenth  during  which  the  experiment  has  continued,  was 
excellent  on  all  plots  to  which  potash  has  been  annually 
appUed.  Where  muriate  of  potash  alone  has  been  continu- 
ously used,  the  yield  was  at  the  rate  of  about  47  bushels 
per  acre.  Where  muriate  of  potash  and  dissolved  bone- 
black  have  been  continuously  used,  the  yield  was  at  the  rate 
of  53  bushels  per  acre,  which  is  the  best  crop  produced  on 
any  combination  of  fertilizers ,  and  actually  exceeds  the  yield 
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on  the  plot  where  manure  has  been  annually  api)lied  at  the 
rate  of  5  cords  per  acre.  The  experiment  strikingly  shov\'S 
the  great  importance  of  the  liberal  supply  of  potash  in  fer- 
tilizers for  the  corn  crop.  B.  Soil  test  with  grass  and 
clover.  The  nitrate  of  soda,  whether  used  alone  or  in  com- 
bination, caused  a  large  increase  in  the  first  crop.  The  use 
of  potash  without  lime  had  little  effect  upon  the  crop. 
Where  potash  has  been  used  continuously  for  fifteen  years, 
with  two  heavy  applications  of  lime  (in  1899  and  1904),  the 
effect  on  the  proportion  of  clover  and  on  total  yield  was 
very  marked.  The  most  profitable  crop  produced  by  any 
fertilizer  combination  was  obtained  upon  the  plot  to  which 
dissolved  l)one-black  and  muriate  of  potash  have  been  con- 
tinuously applied.  On  the  limed  portion  of  this  plot  the 
yield  is  at  the  rate  of  0,100  pounds  of  haj'.  The  annual 
cost  of  the  fertilizers  ap})lied  to  this  plot  has  been  $7.50. 

VI.  — To  determine  the  relative  value  in  crop  production 
of  a  fertilizer  mixture  rich  in  potash,  as  compared  with  one 
representing  the  average  of  the  special  corn  fertilizers  pur- 
chasable in  our  markets.  The  result  of  this  year  is  sub- 
stantially equal  crops  under  the  two  systems  of  manuring, 
at  a  cost  of  rather  over  $5  per  acre  less  for  the  combination 
of  fertilizers  richer  in  potash. 

VII.  — To  determine  the  relative  value  in  corn  production 
of  a  moderate  application  of  manure  alone,  as  compared  with 
a  smaller  application  of  manure  used  in  combination  with 
160  pounds  of  high-grade  sulfate  of  potash  per  acre.  The 
result  of  this  year  w^as  crops  under  the  two  systems  equal  in 
amount  of  stover,  but  an  average  at  the  rate  of  5  bushels  of 
grain  per  acre  less  on  the  combination  of  manure  and  potash 
than  on  the  manure  alone.  The  difference  in  crop  is  not 
sufficient  to  cover  the  excess  in  cost  of  the  larger  amount 
of  manure  alone,  as  compared  with  the  lesser  amount  of 
manure  and  potash. 

Vin.  —  To  determine  the  economic  result  of  using  in 
rotation  on  grass  lands,  the  first  year,  barnyard  manure, 
8,000  pounds  per  acre  ;  the  second  year,  wood  ashes,  1  ton 
per  acre  ;  and  the  third  year,  bone  meal,  600,  and  nmriate 
of  potash,  200,  pounds  per  acre.     The  average  yield  of  hay 
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during  the  past  season,  all  three  systems  of  manurhig  being 
represented  on  a  total  area  of  about  9  acres,  is  at  the  rate  of 
8,050  pounds  of  hay  per  acre.  The  average  for  the  twelve 
years  during  which  the  experiment  has  continued  (1893  to 
1904,  inclusive)  is  0,718  pounds. 

IX.  —  To  determine  which  is  better  economy,  —  to  spread 
manure  as  hauled  from  the  stable  during  the  winter,  or  to 
place  in  a  large  heap  to  be  spread  in  spring.  This  ex- 
periment was  repeated  in  five  pairs  of  plots.  The  winter 
application  gave  the  better  3'ield  in  three  cases,  the  spring 
application  in  two  ;  but  the  diiference  in  the  value  of  the 
crop  where  the  spring  application  gave  the  larger  yield  was 
not  sufficient  to  cover  the  diiference  in  the  cost  of  the  two 
systems  of  handling  the  manure,  which  amounts  to  $4.80 
per  acre.  The  winter  of  1903  and  1904  was  exceptionally 
favorable  to  good  results  from  application  at  that  season,  as 
conditions  were  such  that  there  was  no  washing  over  the 
surface. 

X. — To  determine  whether  the  application  of  nitrate  of 
soda  after  the  harvesting  of  the  first  crop  will  give  a  profit- 
able increase  in  the  rowen  crop.  The  increases  produced 
were  considerable,  but,  possibly  because  of  somew^hat  defi- 
cient rainfall,  were  not  sufficient  to  make  the  application  dis- 
tinctly profitable. 

XI.  —  The  variety  test  of  potatoes.  Fortj^-nine  varieties 
of  potatoes  were  tested.  The  yield  obtained  from  the  differ- 
ent varieties  ranged  from  104  bushels  of  merchantable  pota- 
toes per  acre  for  the  Clinton  to  319  bushels  of  merchantable 
potatoes  per  acre  for  Sinnnon's  Model.  Seven  varieties  gave 
a  yield  in  excess  of  the  rate  of  260  bushels  per  acre,  nameh^ : 
Simmon's  Model,  Extra  Early  White  Rose,  Great  Divide, 
Steuben,  1904,  Mills'  New  Rose  Beauty.  These  varieties 
are  mentioned  in  the  order  of  their  productiveness. 

XII.  —  Comparison  of  different  foods  and  combinations 
of  foods  fm'nishino;  essential  nutrients  in  different  nutritive 
ratios  for  laying  hens.  Tlie  hens  were  supported,  at  a  cost 
of  about  1^  of  a  cent  per  hen  daily,  on  mixtures  of  food 
rich  in  corn,  as  compared  with  a  cost  of  about  1/4  of  a  cent 
prr  hen  daily,  on  mixtures  of  food  rich  in  wheat.     The  food 
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cost  per  egg  was  lowest  on  the  food  mixtures  containing  a 
large  proportion  of  corn.  The  combination  of  feeds  includ- 
ing a  considerable  portion  of  rice  and  rice  meal  gave  the 
most  satisfactory  egg  yield  of  any  combination  tested,  but 
the  cost  of  rice  is  too  great  to  make  it  an  economical  food 
for  poultry. 

I. — Manures   and  Fertilizers   furnishing   Nitrogen 
COMPARED.      (Field  A.) 

The  experiments  in  Field  A  have  two  principal  ol)jects  in 
view  :  first,  to  compare  the  efficiency  (as  measured  by  crop 
production)  of  a  few  standard  materials  which  may  be  used 
on  the  farm  as  sources  of  nitrogen  ;  second,  to  determine  to 
what  extent  the  introduction  of  a  legume  will  render  the 
application  of  nitrogen  to  a  succeeding  crop  of  another  family 
unnecessary.  The  field  includes  eleven  plots  of  one-tenth 
acre  each.  A  full  description  of  the  plan  followed  will  be 
found  in  the  twelfth  annual  report  of  the  Hatch  Experiment 
Station.  The  materials  furnishing  nitrogen  under  compari- 
son are  barnyard  manure,  nitrate  of  soda,  sulfate  of  ammonia 
and  dried  blood.  With  few  and  unimportant  exceptions, 
each  plot  has  been  manured  in  the  same  way  since  1890. 
All  the  plots  annually  receive  equal  and  liberal  amounts  of 
materials  supplying  phos[)horic  acid  and  potash.  Tlu*ee  plots 
in  the  field  have  had  no  nitrogen  applied  to  them  since  1884; 
the  materials  under  comparison  on  the  other  plots  in  the 
field  are  applied  in  such  quantities  as  to  furnish  nitrogen  at 
the  rate  of  45  pounds  per  acre  to  each.  Barnyard  manure 
is  applied  to  one  plot,  nitrate  of  soda  to  two,  sulfate  of  am- 
monia to  three  and  dried  blood  to  two  plots.  The  potash 
applied  to  these  plots  is  supplied  in  the  form  of  muriate  to 
six  plots,  namely,  1,  3,  6,  7,  8  and  9.  It  is  supplied  in  the 
form  of  low-grade  sulfate  to  four  plots,  namely,  2,  4,  5  and 
10.  The  crops  grown  in  this  experiment  previous  to  this 
year  in  the  order  of  their  succession  have  been  :  oats,  rye, 
soy  beans,  oats,  soy  beans,  oats,  soy  beans,  oats,  oats, 
clover,  potatoes,  soy  beans,  potatoes,  soy  beans. 

The  crop  of  this  year  was  potatoes.  The  variety  was  the 
(rrecii  Mountain.  The  seed,  which  was  of  fine  (|uality,  was 
grown  ill   northern   Maine.      The  land  was  ])l()wed  on  May 
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3  ;  manure  and  fertilizers  were  a})plied  on  the  7th,  and  the 
potatoes,  which  had  been  soaked  in  formalin  solution  for 
prevention  of  scab,  were  planted  on  May  11.  The  crop  was 
thoroughly  cared  for  throughout  the  season,  although  there 
was  some  injury  from  bugs,  apparently  due  to  the  fact  that 
the  Paris  green  used  for  the  first  spraying  on  June  27  was 
impure.  The  vines  were  sprayed  three  times  with  Bordeaux 
mixture  and  Paris  green  :  respectively,  July  3,  18  and  30. 
There  was  apparently  little  injury  from  blight.  The  leaves 
on  the  plot  to  which  manure  was  applied  retained  their  green 
color  considerably  longer  than  those  on  the  other  plots.  On 
September  10  they  were  estimated  to  he  still  about  one-half 
green,  while  the  proportion  still  remaining  green  on  other 
plots  was  in  general  estimated  to  be  about  one-tenth  to  one- 
eighth.  By  September  22  the  tops  were  dead,  and  the  pota- 
toes were  dug  between  that  date  and  the  29th.  The  rates  of 
yield  on  the  several  plots  and  the  source  of  nitrogen  on  each 
are  shown  in  the  followino-  table  :  — 


Yield  of  Fotatoes  per  Acre  (Bushels) 

Plots. 

NiTROGEX  Fertilizers  used. 

Merchant- 
able. 

Small. 

0,  . 

1,  . 
•2,  . 

3,  . 

4,  . 

5,  . 

6,  . 

7,  . 

8,  . 

9,  . 
10,  . 

Barnyard  manure, 

Xitrat J  of  soda  (muriate  of  potash),       .... 
Nitrate  of  soila  (sulfate  of  potash),         .... 

Dried  blood  (muriate  of  potash) 

Xo  nitrouen  (sulfate  of  potash) 

Sulfate  of  ammonia  (sulfate  of  potash), 
Sulfate  of  ammonia  (muriate  of  potash), 

Xo  nitrogen  (muriate  of  potash), 

Sulfate  of  ammonia  (muriate  of  potash), 

Xo  nitrogen  (muriate  of  potash) 

Dried  blood  (sulfate  of  potash) 

236.67 
190.33 
188.17 
141.33 
96.33 
ir)7.50 
102.50 
104.33 
113.50 
141.07 
232.33 

41.07 
36.00 
33.50 
36.00 
30.00 
19.17 
13.33 
11.50 
32.. 50 
36.17 
24.17 

The  yield  on  the  different  plots  varies  widely,  that  on  the 
plot  receiving  manure  being  the  best  in  the  field,  and  stand- 
ing relatively  much  higher  as  compared  with  the  plots  re- 
ceiving their  nitrogen  in  the  form  of  a  fertilizer  than  in  any 
previous  year.  It  is  believed  that  this  result  must  be  in 
large  measure  a  consequence  of  the  fact  that  the  application 
of  barnyard  manure  tends  to  maintain  the  stock  of  humus 
in  the  soil,  and  so  keeps  it  in  a  condition  more  favorable  to 
productive  capacity.  Neither  the  soy  bean  nor  the  potato 
leaves  a  residue  which  contributes  materially  to  the  humus 
content  of  the  soil,  and  no  other  crops  have  been  grown 
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during  the  past  five  j^ears.  Experiments  in  continuous 
potato  culture  witliout  manures  in  tlie  Cornell  University 
Experiment  Station  have  shown  in  a  striking  manner  the 
dependence  of  this  crop  upon  the  presence  of  a  suitable 
proportion  of  organic  matter  in  the  soil.^  The  common 
observation  that  potatoes  thrive  exceptionally  well  in  virgin 
soils  and  upon  sod  land  points  in  the  same  direction. 

The  superiority  of  the  yield  on  Plot  10  also  is  striking. 
This,  in  tlie  \vriter's  opinion,  is  due  to  the  fact  that  the  pota- 
toes on  this  plot  were  covered  by  hand,  while  those  on  the 
other  plots  were  covered  by  the  use  of  the  plow.  The 
potatoes  on  this  plot  came  up  much  more  quickly  and  more 
vigorously  than  those  on  the  others,  and  showed  decided 
superiority  in  growth  from  the  start. 

The  average  yields  of  this  year  on  the  several  fertilizers 
are  shown  in  the  following  table  :  — 


Fertilizers  usei>. 

Merchantable 

(Bushels). 

Small 
(Bushels). 

Average  of  t)ie  no-nitrogen  plots  (3),        .... 
Average  of  tlie  nitrate  of  soda  plots  (2),  .       .       .    •    . 
Avei-ageof  the  dried  blood  plots  (2),        .... 
Average  of  the  sulfate  of  ammonia  plots  (3) ,  . 

114.11 
189.25 
186.83 
124.50 

25.  S9 
34.75 
30.09 
21.67 

As  the  result  of  all  experiments  previous  to  this  year,  it 
is  found  that  the  materials  furnishing  nitrogen  have  produced 
crops  in  the  following  relative  amounts  :  — 

Per  Cent. 

Nitrate  of  soda, 100.00 

Barnj-ard  manure,  .......  94.00 

Dried  blood .         .         .         90.40 

Sulfate  of  ammonia,         .  .  .  .  .  .         90.30 

No  nitrogen,  ........         72.80 

Similar  averages  for  this  year  are  as  follows  :  — 

I'er  Cent. 

Nitrate  of  soda, 100.00 

Barnyard  manure,  .......        124..S0 

Dried  blood, 96.80 

Sulfate  of  ammonia,         .  .  .  .         .  .  G5.30 

No  nitrogen,  ........  62.50 

As  was  the  case  last  year,  the  nitrate  of  soda  stands  rela- 
tively lower  than  in  experiments  of  previous  years,  although 

1  Bulletin  No.  196,  Cornt-ll  University  Experiment  Station,  p.  52. 
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it  still  uiainlaiiis  its  superiority  as  compared  A\'itli  the  other 
fertilizers  furnishing  nitrogen.  The  barnyard  manure  pro- 
duces a  superior  crop,  not,  it  is  believed,  because  of  the 
superior  availabilit}^  of  the  nitrogen  it  contains,  but,  as  has 
been  suggested,  because  of  the  better  physical  condition  of 
the  soil  produced  by  the  humus  it  furnishes. 

If  we  compare  the  dilfcrent  materials  used  as  sources  of 
nitrogen  on  the  basis  of  increase  in  crop  rather  than  on  the 
basis  of  total  product,  they  rank  to  date  for  the  entire  period 
of  the  experiment  1890  to  1904  as  follows  :  — 

Relative  Increases  in  Yields  (^Average  for  the  Fifteen  Years) . 

Per  Cent. 

Niti-ate  of  soda, 100.00 

Barnjai'd  manure,  .  .         .  .  .  •  .         83.60 

Dried  blood, 66.90 

Sulfate  of  ammonia,         ......         59.90 

These  figures  make  the  superiority  of  nitrate  of  soda  as  a 
source  of  fertilizer  nitrogen  very  apparent.  In  view  of  the 
fact  that  at  current  prices  it  furnishes  a  pound  of  nitrogen  at 
a  lower  cost  than  almost  any  other  material,  the  advisability 
of  depending  chiefly  upon  the  nitrate  as  a  means  of  supply- 
ing the  important  element  nitrogen  becomes  strikingly  evi- 
dent. 

Effect  of  a  Legume  vj)on  the  FoUovnwj  Crop. 
It  is  pointed  out,  in  introducing  what  will  be  said  under 
this  topic,  that  the  object  in  this  experiment  is  not  to  test 
the  effect  of  producing  a  legume  which  is  plowed  under,  -but 
simply  the  improvement,  if  any,  derived  from  the  roots  and 
stubble  the  legume  leaves  behind  when  harvested.  The 
results  thus  far  indicate  little  improvement  in  the  condition 
of  the  soil  following  the  culture  of  the  soy  bean,  with  the 
exception  of  those  obtained  with  the  potato  crop  following 
soy  beans  in  1902.  The  introduction  of  the  clover  crop,  on 
the  other  hand,  was  followed  b}^  marked  improvement;  and 
it  would  now  appear  possi])le  that  the  good  results  with  the 
potato  crop  in  1902  may  have  been  in  part  at  least  a  conse- 
quence of  the  unexhausted  residue  of  the  clover  stubble  and 
roots  turned  under  in  the  spring  of  1900.  The  following 
table,  Avith  the  curve  below  it,  makes  the  facts  clear  :  — 
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Effect  of  Leguminous  Crops  upon  the  Folloiving  Crop  (^Pounds'). 


Plots 

IS90.      1891. 

1893. 

1893. 

1894.  1  189.->. 

1896. 

1897. 

(Eacu  One-tenth 
Acre). 

Oiits. 

Rye. 

Soy 
Bean. 

Oats. 

Soy 
Bean. 

Oats. 

Soy 
Bean. 

Oats. 

Nitrogen  plots,    . 
No-nitrogen  plots, 

343 

290 

484 
421 

1,965 
1,443 

598 
540 

620 
452 

494 
370 

1,740 
1,143 

445 
197 

Effect  of  Leguyninous  Crops  iipon  the  Following  Crop  {Pounds)  — 

Concluded. 

Plots 

1898. 

1899. 

1900. 

1901. 

1903. 

190S. 

1904. 

(Each  One-tenth 
Acre). 

Oiits. 

Clover. 

Potatoes. 

Soy 
Bean. 

Potatoes. 

Soy 
Bean. 

Potatoes. 

Nitrogen  plots,  . 
No-nitrogen  plots,      . 

254 

158 

413 
367 

1,316 
1,254 

442.21 
398.31 

1,053.6 
1,046.0 

2,726 
1,907 

1,199 
840 

1  Dry  beans  and  straw. 


Curve  shotving  liclation  of  Average  No-nitrogen  to  Average  Nitrogen 
Plots,  the  Latter  being  considered  in  Each  Year  100. 

[Per  cent,  average  no-nitrogen  to  avei'age  nitrogen.] 
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It  will  be  iiotit'od  that  the  cr()})s  f()lh)wing  soy  boans  have 
as  a  rule  showed  little  improvement  whieh  can  be  attributed 
to  that  crop.  So  long  as  the  soy  bean  was  the  legume  grown, 
the  crops  on  the  no-nitrogen  plots  continued  in  general  to 
decline,  as  com})ared  witli  the  crops  obtained  upon  the  nitrogen 
plots.  This  is  indicated  by  tlie  fairly  uniform  and  compara- 
tively rapid  fall  in  the  line  indicating  the  relative  production. 
The  introduction  of  clover  causes  a  marked  rise  in  the  line 
indicating  production,  and  this  continues  during  the  first 
three  seasons  following  the  plowing  of  the  clover  sod.  The 
effect  of  the  soy  beans  upon  the  crop  of  potatoes  grown  in 
1902  appears  to  have  been  distinctly  beneficial;  but,  as  was 
stated  in  the  fifteenth  annual  report,  the  fact  that  the  potato 
crop  in  1902  suffered  from  blight  undoubtedly  favored  the 
plots  where  the  growth  was  relatively  feeble.  In  comment- 
ing upon  the  results  obtained  in  1902,  I  said  :  — 

It  may  be  that  the  relative  standing  of  the  no-nitrogen  plots 
is  higlier  than  it  would  have  been  had  the  crop  of  potatoes 
grown  to  normal  maturity.  It  will  be  remembered  that  blight 
and  rot  prevailed  to  a  considerable  extent,  and  these  would 
naturally  injure  the  potatoes  witli  the  ranker  growth  more  than 
those  where  the  growth  Avas  less  luxuriant.  It  does  not  seem, 
therefore,  that  we  are  justified  in  concluding  that  the  after- 
effect of  the  soy  beans  is  as  useful  as  the  relation  between  the 
figures  appears  to  indicate. 

In  view,  then,  of  the  doubt  as  to  Avhether  the  true  relative 
capacity  for  product  was  shown  in  1902,  and  the  further 
fact  that  all  other  years  show  a  general  agreement  in  not 
indicating  a  decided  benefit  following  the  introduction  of 
the  soy  bean  as  a  crop,  we  seem  to  be  justified  in  the  con- 
clusion that  the  residual  fertility  left  behind  by  the  soy  bean 
is  comparatively  unimportant. 

II.  —  The  Eelative  Value  of  Muriate  and  High-grade 
Sulfate  of  Potash.  (Field  B.) 
The  object  in  view  in  this  experiment  is  to  test  the  relative 
value  of  muriate  and  high-grade  sulfate  of  potash  when  used 
continuously  upon  the  same  soil.  The  experiment  was  be- 
gun in  1892.     The  potash  salts  were  used  for  the  period 
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from  1892  to  1899  inclusive,  at  the  rate  of  400  })ounds  per 
acre;  since  1900  the  rate  of  application  has  been  250  pounds 
per  acre.  Fine-ground  bone  at  the  rate  of  BOO  pounds  per 
acre  has  been  yearly  applied  to  all  plots.  The  number  of 
plots  in  the  field  at  present  is  ten,  five  receiving  muriate  of 
potash,  and  alternating  ^vith  the  same  number  of  plots  which 
yearly  receive  sulfate  of  potash.  Various  crops  have  been 
grown  in  rotation,  including  potatoes,  field  corn,  sweet  corn, 
grasses,  oats  and  vetch,  barley  and  vetch,  winter  rye,  clovers 
of  various  kinds,  sugar  beets,  soy  beans,  and  cabbages. 
Most  of  these  crops  have  been  grown  during  several  years. 
With  few  exceptions,  good  yields  have  been  obtained. 
Among  the  crops  grown,  the  potatoes,  clovers,  cabbages  and 
soy  beans  have  usually  done  best  on  sulfate  of  potash.  The 
yield  of  corn,  grasses,  oats,  barley,  vetches  and  sugar  beets 
has  been  about  equally  good  on  the  two  salts,  while  the 
quality  of  the  potatoes  and  sugar  beets  when  grown  on  sul- 
fate of  j)otash  has  been  distinctly  better  than  on  muriate  of 
potash.  Three  years  ago,  two  of  the  plots  in  this  field  were 
set  to  small  fruits,  asparagus  and  rhubarb, — on  each  plot 
one  row  each  of  raspberries,  blackberries,  asparagus  and 
rhubarb.  Aside  from  the  crops  just  named,  those  of  the  past 
year  have  been  cabbages  on  two  plots  and  three  varieties  of 
clover,  namely,  Mammoth  Red,  Medium  Red  and  Alsike, 
each  on  two  plots.  The  clover  was  sown  in  the  spring,  and 
the  product  of  the  plots  was  considerably  mixed  with  weeds  ; 
for  this  reason,  the  weights  were  not  taken.  There  was  no 
readily  distinguishable  difference  in  the  growth  of  either  the 
Medium  or  the  Mammoth  clovers  that  could  be  attributed  to 
the  difference  in  potash  manuring.  The  Alsike  clover  upon 
the  plot  manured  with  sulfate  of  potash  has  made  a  distinctly 
better  start  than  that  on  the  muriate.  Neither  the  asparagus, 
raspberries  nor  blackberries  have  yet  become  sufficiently 
established  to  give  a  full  crop,  and  the  results  will  not  be 
reported  in  detail.  The  3neld  of  asparagus  was  substantially 
equal  on  the  two  potas.li  salts.  The  3a eld  of  raspberries  on 
the  muriate  of  i)otasli  was  considerably  greater  than  on  the 
sulfate.  Observation  of  the  growth  of  the  b(H-ry  bushes  and 
as{)aragu.s  since  they  were  set  indicates  that  the  rate  of 
manuring  which  has  Ix^en  the  practice  on  this  (ield  does  not 
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maintain  the  soil  in  sufficient!}^  higli  fertility  to  produce  satis- 
factoiy  growth  on  either  of  tlie  combinations  of  fertilizers 
employed.  During  the  past  season,  therefore,  we  have  used 
nitrate  of  soda  at  the  rate  of  200  pounds  per  acre,  in  connec- 
tion with  the  customary  amounts  of  bone  meal  and  potash, 
on  the  plots  occupied  by  these  crops. 

1.     lihubar-b  {Sulfate  v.  Muriate  of  Potash). 
The  rhubarb  grown  in  this  experiment  is  of  the  Monarch 
variety.     The  growth  has  been  vigorous  and  healthy.     The 
product  of  this  year  is  shown  in  the  following  table  :  — 

Muriate  v.  High-grade  Sulfate  of  Potash  {Rhubarb) .  —  Yields  per  Aere 

(Pou7ids) . 


Fertilizers  used. 

Stalks. 

Leaves. 

Muriate  of  potash 

Sulfate  of  potash, 

8,421 
8,559 

11,957 
14,286 

The  3'ield  of  stalks  on  the  two  plots  is  substantially  equal, 
but  the  weight  of  the  leaves  accompanying  the  stalks  pro- 
duced on  the  sulfate  of  potash  is  materially  greater  than  on 
the  other  potash  salt.  Whether  this  fact  has  any  special 
significance  is  not  at  present  known  ;  but  it  is  at  least  sug- 
gestive that  on  Field  C,  where,  under  conditions  otherwise 
differing  quite  widely  from  those  In  Field  B,  the  muriate  is 
compared  with  the  sulfate,  a  similar  difference  in  Aveight  of 
leaves  as  compared  with  stalks  is  found.  It  is,  of  course, 
evident  that  the  results  of  this  year  do  not  throw  any  im- 
portant light  upon  the  question  as  to  whether  there  is  any 
important  practical  difference  in  the  two  potash  salts  for  this 
crop. 

2.      Cabbages  (Sulfate  v.  Muriate  of  Potash). 

The  variety  of  cabbages  grown  this  year  Avas  Fottler's 
Brunswick  Drumhead.  The  seed  was  planted  in  hills  two 
feet  apart  and  in  rows  three  and  one-half  feet  apart,  on  June 
30.  The  plants  were  thinned  first  to  two  in  a  hill,  and  later,  on 
August  16,  to  one.  The  summer  and  the  autumn,  especially 
the  latter,  averaged  much  below  the  normal  temperature,  and 
the  cabbages  were  by  no  means  matured  on  the  approach  of 
weather  which  compelled  their  harvesting.    With  a  normal 
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season  there  is  no  doubt  that  nearly  all  the  plants  would  have 
produced  merchantable  heads.  Under  existing  conditions  a 
very  large  proportion  of  the  heads  were  regarded  as  too 
soft  to  be  included  in  that  class.  The  yields  per  acre  are 
shown  in  the  following  table  ;  — 

Muriate  v.  High-grade  Sulfate  of  Potash  {Cabbages').  —  Yields  per  Acre 

(^Pounds') . 


Fertilizers  used. 


Hard  Heads. 


Soft  Heads. 


Muriate  of  potasli, 
Sulfate  of  potasb, 


872 
2,071 


22,791 
24,319 


It  will  be  seen  that  the  product  on  the  sulfate  of  potash  is 
considerably  superior  to  that  on  the  muriate.  The  yield  of 
hard  heads  is  nearly  two  and  one-half  times  as  great,  while 
the  yield  of  soft  heads  also  somewhat  exceeds  that  on  the 
muriate.  As  this  result  is  in  general  agreement  with  that 
usually  obtained  heretofore  with  the  cabbage  crop,  it  tends 
to  still  further  confirm  the  conclusion  that  it  is  best  that  the 
potash  used  for  this  crop  be  in  the  form  of  sulfate  rather  than 
muriate. 

III.  —  Comparison  of  Different  Potash  Salts  for 
Field. Crops.      (Field  G.) 

Field  G  contains  40  plots,  of  about  one-fortieth  of  an  acre 
each.  The  experiments  in  progress  have  for  their  object 
the  determination  of  the  relative  value  for  field  crops  of  all 
the  prominent  potash  salts  when  each  is  used  continuously 
upon  the  same  land  throughout  a  long  series  of  years.  This 
experiment  was  begun  in  1898.  The  plots  are  arranged  in 
five  series  of  eight  each.  In  each  series  one  plot  has  re- 
ceived no  potash  since  the  experiment  began.  The  potash 
salts  under  trial  are  as  follows  :  kainit,  high-grade  sulfate 
of  potash,  low-grade  sulfate  of  potash,  muriate  of  potash, 
nitrate  of  potash,  carbonate  of  potash  and  silicate  of  potash. 
Each  is  always  applied  in  such  (]uantity  as  to  furnish  actual 
potash  at  the  rate  of  165  pounds  per  acre.  All  the  plots  in 
the  field  arc  yearly  fertilized  with  materials  supplying  to 
each  ecjual  amounts  of  nitrogen  and  phosphoric  acid.     For 
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nitrogen,  nitrate  of  soda  is  applied  at  the  rate  of  250  pounds 
per  acre,  except  on  the  plots  where  nitrate  of  potash  is  the 
source  of  the  potash  applied  ;  here  a  suitable  reduction  in 
the  quantity  of  nitrate  of  soda  is  made,  on  account  of  the 
nitrate  nitrogen  furnished  by  the  potash  salt.  The  })riiicipal 
source  of  phosphoric  acid  on  these  plots  is  acid  ph()S})luit(>, 
applied  at  the  rate  of  3(50  pounds  per  acre  to  all.  Tankage 
at  the  rate  of  270  pounds  per  acre  is  applied  to  all  plots  as 
a  source  of  less  immediately  available  nitrogen  and  phos- 
phoric acid.  The  crops  grown  in  this  experiment  in  the 
order  of  succession  are  as  follows  :  1898,  Medium  Green 
soy  beans;  1899,  Beauty  of  Hebron  potatoes;  1900,  Fott- 
ler's  Brunswick  cabbage.  Medium  Green  soy  beans,  Black 
cow  pea.  Wonderful  cow  pea;  1901,  Turkish  Red  wheat. 
Medium  Red  clover ;  Rural  Thoroughbred,  Leaming  Field, 
Boston  Market  and  Eiu*eka  corn  ;  1902,  Medium  Red  clover  ; 
1903,  Medium  Red  clover. 

During  the  past  season  the  crops  grown  in  the  field  were 
as  follows  :  cabbages  on  sixteen  plots,  two  series  of  eight 
each ;  Sibley's  Pride  of  the  North  corn  on  sixteen  plots, 
two  series  ;  and  Leaming  Field  corn  for  ensilage  on  eight 
plots.  The  season  was  unfavorable  to  full  maturity  for  the 
cabbage  crop,  for  reasons  which  have  been  alluded  to  in  dis- 
cussing results  on  fields  B  and  C.  For  the  same  reasons, 
and  also  because  of  the  excessive  rains  at  the  season  of 
planting,  the  season  was  highly  unfavorable  to  the  corn  crop. 
Defective  germination,  owing  to  the  excessive  rains,  pro- 
duced an  uneven  stand  of  plants  in  the  areas  devoted  to 
corn.  For  the  reasons  indicated,  it  does  not  seem  worth 
while  to  publish  the  results  in  full  detail,  and  averages  only 
will  be  given.     These  for  the  cabbages  are  as  follows  :  — 

Cabbages. — Average  Rates  of  Yield x>cr  Acre  {Pounds). 


Potash  Salt. 


Hard  Heads.       Soft  Heads 


No  potash  (plots  1,  9),    . 
Kainit  (plots2, 10), 

High-grade  sulfate  (plots  3,  11),  . 

Low-grade  sulfate  (plots  4,  12),  . 

Muriate  of  potash  (plots  5,  13),  . 

Nitrate  of  potash  (jilots  0,  14),  . 
Carbonate  of  potash  (plots  7, 1.5), 

Silicate  of  potash  (plots  8,  16),  . 


10,850 

22,850 

11,100 

26,150 

10,(iOO 

25,500 

1-2, 100 

27,400 

11,900 

26,600 

14,800 

23,100 

I6,r)00 

23,400 

10,0.')0 

25,050 
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The  most  striking  points  brought  out  by  these  figures  are  : 
first,  the  high-grade  sulfate  of  potash  fails  to  show  the  supe- 
riority in  yield  to  muriate  which  has  generally  been  shown  ; 
second,  the  nitrate  and  carbonate  of  potash  have  given  yields 
very  materially  exceeding  those  obtained  on  any  of  the  other 
potash  salts  ;  third,  the  yield  on  the  silicate  of  potash  is  one 
of  the  poorest  in  the  field. 

Field  Corn.  —  Average  Yields  i^er  Acre. 


Potash  Salt. 


Sound  Corn 
(Bushels). 


Soft  Corn 
(Bushels). 


Stover 
(Pounds). 


No  |>(>tash  (plot8l7,  25),      . 
Kainit  (iilots  18,  26),     . 
Ui,i,'h-grade  sulfate  (plots  19,  27), 
Low-grade  sulfate  (plots  20,  28), 
Muriate  of  potash  (plots  21,  29), 
Nitrate  of  potaeli  (plots  22,  30), 
Carbonate  of  potash  (plots  23,  31), 
Silicate  of  potash  (plots  24,32), 


15.00 
20.25 
19.50 
17.75 
20.50 
17.00 
17.00 
13.75 


17.78 
14.00 
13.45 
14.34 
14.44 
13.45 
15.78 
18.56 


3,740 
4,300 
4,340 
4,200 
4,660 
4,020 
4,420 
4,160 


The  most  striking  point  brought  out  by  these  averages  is 
the  poor  results  where  the  silicate  is  the  potash  salt  em- 
ployed. Aside  from  this,  the  results  with  corn  seem  to  be 
in  general  accord  with  those  which  have  been  usually  ob- 
tained, which  indicate  that  the  different  potash  salts  appear 
t(^  have  substantially  similar  effects  upon  this  crop. 


Ensilage  Com.  — 

Average 

Yield  per  Acre   (Pon?ids) . 

Potash  Salt. 

Green 
Fodder. 

Potash  Salt. 

Green 
Fodder. 

No  potash  (plot  33),      . 
Kainit  (plot  34),    .        .        .       . 
High-grade  sulfate  (plot  35), 
Low-grade  sulfate  (plot  36), 

28,800 
38,800 
34,600 
36,600 

Muriate  (plot  37), 
Nitrate  (plot  38), 
Carbonate  (plot  39),    . 
Silicate  (plot  40), 

36,800 
33,800 
30,000 
22,400 

In  the  case  of  the  ensilage,  as  well  as  field  corn,  the  sili- 
cate of  potash  gives  a  yield  much  inferior  to  that  produced 
by  the  other  potash  salts.  That  the  silicate,  whether  with 
cabbaofes,  field  or  ensilao-e  corn  in  each  of  the  five  series 
of  plots  where  if  is  employed,  gives  yields  inferior  to  those 
obtained  with  the  other  potash  salts,  and  that  the  y'uAd  does 
not  in  .some  cases  ecjual  even  the  \ield  obtained  from  the 
no-potash  plot,  is  a  fact  which  it  seems  desirable  to  point 
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out.  Up  to  the  present  year  the  yields  on  silicate  of  potash 
witli  the  different  crops  grown  have  not  been  markedly 
inferior  to  thdse  obtained  on  other  potash  salts.  It  is  im- 
possible, in  the  light  of  our  present  knowledge  of  the  con- 
ditions, to  oflfer  an  explanation  of  the  facts,  although  it  is, 
of  course,  evident  that  the  soil,  which  was  originally  in  fair 
condition  as  regards  its  stock  of  available  potash,  has  previ- 
ous to  this  year  been  in  condition  to  furnish  a  larger  share 
of  the  potash  needed  by  the  crop  than  at  present.  With 
increasing  exhaustion  of  natural  stores  of  potash,  the  differ- 
ences due  to  the  several  fertilizers  used  may  naturally  be 
expected  to  increase. 

IV.  —  Comparison  of  Phosphates  on  the  Basis  of  Equal 
Application  of  Phosphoric  Acid. 
The  present  is  the  eighth  season  of  this  experiment,  which 
has  for  its  object  the  determination  as  measured  by  crop 
production,  of  the  relative  availability  of  different  materials 
which  may  be  used  as  sources  of  phosphoric  acid  when  used 
in  such  quantities  as  to  furnish  equal  amounts  of  actual  phos- 
phoric acid  to  each  plot,  and  in  connection  with  materials 
which  supply  the  other  elements  of  plant  food,  especially  the 
nitrogen  and  the  potash,  in  abundance  and  in  the  same  forms 
and  in  equal  amounts  on  each  of  the  plots.  The  field  in 
which  these  experiments  are  carried  on  is  divided  into  thir- 
teen plots,  of  about  one-eighth  of  an  acre  each.  Three  plots 
in  the  field,  one  at  each  end  and  one  in  the  middle,  have  re- 
ceived no  phosphoric  acid  since  the  experiment  began.  The 
phosphates  which  are  emploj^ed  on  the  other  plots  are  as  fol- 
lows :  apatite.  South  Carolina  rock  phosphate  (fine ground), 
Florida  soft  phosphate,  basic  slag  meal,  Tennessee  rock  phos- 
phate (fine  ground),  dissolved  bone-black,  raw  bone  meal, 
dissolved  bone  meal,  steamed  bone  meal  and  acid  phosphate. 
These  phosphates  are  used  in  such  quantities  as  to  furnish 
actual  phosphoric  acid,  at  the  rate  of  96  pounds  per  acre. 
The  nitrogen  and  potash  fertilizers  used  supply  nitrogen  at 
the  rate  of  52  pounds  and  potash  at  the  rate  of  152  pounds 
per  acre.  With  some  of  the  crops  grown  (onions  and  cab- 
bages) a  supplementary  application  of  quick-acting  nitrogen 
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fertilizers  lias  been  made  to  all  plots  alike.  The  crops  which 
have  been  grown  in  the  field  during  the  progress  of  the  ex- 
periment are  as  follows  :  corn,  cabbages,  corn,  in  1900  two 
crops,  —  oats  and  Hungarian  grass  (both  for  hay),  onions, 
onions,  and  cabbages.  With  the  exception  of  the  onions 
and  cabbages,  all  the  crops  previously  grown  in  the  field 
have  given  good  jdelds,  even  on  the  three  no-phosphate 
plots.  The  soil  of  the  difi*erent  parts  of  the  field  was  not 
even  in  fertility  at  the  start.  Plot  1  was  somewhat  more 
productive  than  any  of  the  others,  and  in  general  the  plots 
tended  to  decline  in  productiveness  from  1  toward  13.  The 
crop  the  past  season  was  corn.  The  soil  of  the  field  inclines 
to  be  heavy,  and  the  corn  crop  during  the  prevailing  cool 
weather  of  the  past  season  sufiered  from  poor  soil  conditions 
and  low  temperature,  especially  on  plots  8,  11,  12  and  13. 
Observation  of  the  growth  of  the  crop  of  the  preceding 
year  (cabbages),  and  study  of  the  soil  conditions  tlirough- 
out  the  preceding  season,  had  led  to  the  conclusion  that  the 
physical  and  chemical  conditions  of  the  soil  in  the  field  would 
be  improved  by  a  heavy  application  of  lime.  The  field  was 
plowed  in  the  fall  of  1903.  Freshly  slacked  lime  to  the 
amount  of  4,(375  pounds  (about  2,000  pounds  per  acre)  Avas 
applied  on  May  10  and  plowed  in  on  May  15.  The  variety 
of  corn  grown  was  the  Learning  Field.  The  seed  was 
obtained  of  E.  E.  Chester  &  Son,  Champaign,  111.,  and  was 
of  excellent  quality.  The  rainfall  was  so  excessive,  how- 
ever, that  there  were  a  few  blanks  in  some  of  the  plots. 
The  crop  was  cut  on  September  19  and  immediately  weighed 
and  put  into  the  silo.  The  rates  of  the  yields  on  the  several 
plots  are  shown  in  the  following  table  :  — 


Plots. 


Fertilizers  used. 


Green  Corn 

(Pounds  per 

Acre). 


10, 
11. 
12, 
13, 


No  phosphate, 

Apatite, 

South  Carolina  rock  phosphate, 
Florida  soft  phosphate, 
Phosphatic  slag,    . 
Tennessee  phosphate,  . 
No  phosphate. 
Dissolved  bone-black,  . 
Raw  bone,       .... 
Dissolved  bone  meal,    . 
Steamed  bone  meal. 
Acid  phosphate,     . 
No  phosphate, 


41,000 
40,720 
40,496 
28,240 
36,440 
32,120 
32,344 
30,080 
45,800 
41,840 
28,400 
29,040 
20,240 
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The  point  of  in'iiu'ipal  sigiiificiiiu'C  in  connoc-tion  with  the 
results  a})pe;irs  to  be  the  marked  inferiority  of  the  yield  on 
the  Florida  soft  phosphate.  There  was  no  diflferencc  in  the 
physical  conditions  on  this  plot,  as  compared  with  those  on 
cither  side,  that  can  explain  the  wide  difterenee  in  the  amount 
of  the  product.  The  results  of  this  year,  then,  additionally 
confirm  the  conclusions  of  [)revious  years,  —  that  this  phos- 
phate seems  likely  to  give  results  which  are  distinctly  dis- 
appointing, as  compared  with  the  claims  of  those  interested 
in  its  production  and  sale.  The  low  product  on  plots  8,  11 
and  12  was  undoubtedly  in  considerable  measure  due  to  the 
unfavorable  conditions  which  have  been  referred  to. 

V.  —  Soil  Tests. 
In  introducing  what  I  have  to  say  concerning  soil  tests,  I 
cannot  do  better  than  to  employ  the  language  used  in  my 
last  annual  report,  p.  244  :  — 

Two  soil  tests,  both  upon  our  own  grounds  and  both  in  con- 
tinuation of  previous  work  upon  the  same  fields,  have  been  car- 
ried out  during  the  past  season.  Fertilizers  have  been  applied 
in  accordance  with  the  co-operative  plan  for  soil  tests,  with  one 
or  two  small  exceptions.  Lime  and  plaster  have  been  applied 
to  the  plots  calling  for  these  fertilizers  in  double  the  usual  soil 
test  amounts.  Each  plot  annually  receives  an  application  of 
the  same  kind  or  kinds  of  fertilizers.  Such  experiments  are 
not  adapted  to  securing  the  production  of  heavy  crops.  By 
study  of  the  results,  the  effects  of  the  different  leading  elements 
of  plant  food  on  the  several  crops  can  be  determined  with  much 
accuracy. 

Every  fertilizer  used,  whether  applied  by  itself  or  in  connec- 
tion with  one  or  both  of  the  other  fertilizer  materials,  is  always 
applied  in  the  same  quantities.  Both  fertilizers  and  manure 
(where  the  latter  is  introduced  for  purposes  of  comparison)  are 
always  applied  broadcast  after  plowing,  and  harrowed  in.  The 
kinds  and  the  amounts  per  acre  are  as  follows :  — 

Nitrate  of  soda,  160  pounds,  furnishing  nitrogen. 

Dissolved  bone-black,  320  pounds,  furnishing  phosiihoric  acid. 

Muriate  of  i^otash,  160  pounds,  furnishing  potash. 

Land  plaster,  400  pounds. 

Lime,  800  pounds. 

Manure,  5  cords. 
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A.  —  Soil  Test  with  Corn  {South  Acre). 
This  acre  has  been  used  in  soil  tests  for  sixteen  years,  be- 
ginning in  1889.  The  crops  for  successive  years  have  been 
as  follows  :  corn,  corn,  oats,  grass  and  clover,  grass  and  clover, 
corn  (followed  by  mustard  as  a  catch  crop),  rye,  soy  beans, 
white  mustard,  corn,  corn,  grass  and  clover,  grass  and  clover, 
corn,  corn,  and  corn.  Since  1889  this  field  has,  therefore, 
borne  eight  corn  crops,  and  during  this  time  it  has  been  four 
years  in  grass.  The  present  is  the  third  successive  corn 
crop,  these  three  crops  following  grass,  which  occupied  the 
field  in  1901.  Last  season  was  one  of  the  most  unfavorable 
for  corn  within  the  memorj'^  of  our  oldest  men.  The  crop 
was  exceedingly  small,  even  on  the  land  which  had  annually 
received  an  application  of  manure  at  the  rate  of  5  cords 
per  acre.  With  only  one  exception,  previous  to  last  year, 
the  corn  crop  wherever  potash  has  been  applied  to  the  soil 
in  this  field  has  always  been  good.  In  1898  the  crop  even 
where  potash  and  other  fertilizers  had  been  used  was  small. 
This  suggested  the  probable  necessity  of  an  addition  of  lime. 
The  application  of  lime  at  the  rate  of  1  ton  to  the  acre  re- 
stored the  productiveness  of  all  the  plots  to  which  muriate 
of  potash  had  been  continuously  applied.  The  small  crop 
of  last  year,  in  connection  with  observations  on  the  condi- 
tion of  the  soil,  led  to  the  conclusion  that  lime  might  once 
more  prove  useful ;  the  entire  field,  therefore,  was  given  a 
dressing  of  freshly  slacked  lime,  at  the  rate  of  1  ton  per 
acre.  The  marked  increase  in  the  crop  of  this  year  wher- 
ever potash  was  used  indicates  the  correctness  of  the  opinion 
that  lime  was  needed.  The  plot  where  potash  was  used 
alone  last  year  gave  a  yield  at  the  rate  of  about  15.5  bushels 
of  corn  per  acre  ;  this  year  the  product  is  almost  three  times 
that  amount.  Last  3^ear  the  plot  to  which  nitrate  of  soda 
and  muriate  of  potash  are  annually  applied  gave  a  yield  at 
the  rate  of  16.5  bushels  per  acre  ;  this  year  the  yield  is  47.8 
bushels.  The  plot  receiving  dissolved  l)one-black  and  muri- 
ate of  potash,  which  last  year  gave  a  crop  of  a  little  less  than 
19  bushels,  this  year  gave  a  croj)  of  rather  over  53  bushels. 
These  facts  make  it  strikingly  evident  that,  in  connection 
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with  fairly  liberal  ainomits  of  muriate  of  potash,  it  is  essential 
to  use  lime  freely  on  many  of  our  soils,  if  their  productive- 
ness is  to  be  maintained.  This  field  contains  four  plots,  to 
which  neither  manure  nor  fertilizer  of  any  kind  has  been 
applied  during  the  sixteen  years  that  the  experiment  has 
contiimed.  These  plots  have  now  become  very  highly  ex- 
hausted, producing  crops  which  are  practically  valueless  so 
far  as  the  production  of  grain  is  concerned,  although  the 
nominal  yield  is  at  the  rate  of  about  3.5  to  8  bushels  per 
acre.  The  following  table  shoAvs  the  fertilizers  used  on  the 
several  plots,  the  rate  of  yield,  and  the  gain  or  loss  per  acre 
compared  with  the  nothing  plots  :  — 


Coryi. —  South  Acre  Soil  Test,  1904. 


Fertilizers  used. 

Yield  per  Acre. 

Gain  or  Loss  per 

Acre,  compared 

WITH  Nothing  Plots. 

Plots. 

Corn 
(Bushels, 

90 
Pounds). 

stover 
(Pounds). 

Corn 
(Bushels, 

90 
Pounds). 

stover 
(Pounds). 

1,    • 

Nitrate  of  soda,    .... 

7.1i 

1,200 

2.78 

330 

2,      . 

Dissolved  bone-black, 

3.89 

960 

—  .44 

90 

3,      . 

Nothing 

4.33 

870 

- 

- 

4,      • 

Muriate  of  potash, 

4().89 

3,760 

42.86 

2,9.33 

5,      . 

Lime 

2.67 

820 

—1.07 

-37 

6,      . 

Nothing, 

3.44 

740 

- 

- 

"> 

Manure, 

50.00 

4,000 

46.56 

3,260 

8,  . 

9,  . 

Nitrate  of  soda  and  dissolved 

bone-black. 
Nothing, 

l.i.ll 

8.78 

],.500 
1,180 

6.33 

320 

10,      . 

Nitrate  of  soda  and  muriate  of 
potash. 

Dissolved  bone-black  and  muri- 
ate of  potash. 

Nothing 

47.67 

3,.560 

39.71 

2,440 

11,  . 

12,  . 

53.11 
6.33 

3,940 
1,000 

45.96 

2,880 

13,      . 

Plaster 

7.44 

1,100 

1.11 

100 

14,      . 

Nitrate  of  soda,  dissolved  bone- 
black  and  muriate  of  potash. 

47.78 

3,700 

41.45 

2,600 

It  will  at  once  be  noticed  that  the  potash  is  the  element 
which  determines  the  crop,  almost  to  the  exclusion  of  all 
others.  Where  potash  has  been  used  alone  during  sixteen 
years,  the  yield  is  almost  as  great  as  it  is  with  potash  and 
any  of  the  other  combinations.     Nitrate  of  soda  alone  does 


136  HATCH   EXPERIMENT   STATION.  [Jan. 

very  little  good.  Dissolved  bone-black  alone  gives  a  crop 
less  than  the  average  of  the  nothing  })lots.  The  combination 
of  nitrate  of  soda  and  dissolved  bone-black  gives  a  very 
inferior  crop,  but  wherever  potash  is  used  the  crop  is  good. 
Particular  attention  is  called,  further,  to  the  fact  that  the 
continuous  use  of  lime  alone  is  not  beneficial ;  on  the  con- 
trary, the  yield  on  the  plot  where  lime  has  been  continuously 
used  is  the  poorest  in  the  field.  Plaster  used  alone  and 
continuously  gives  a  slightly  better  crop,  but  not  much  in 
excess  of  the  nothing  plots.  It  may  perhaps  be  urged  that 
the  soil  of  this  field  must  be  of  very  exceptional  character ; 
that,  otherwise,  the  so  long-continued  use  of  one  fertilizer 
element  could  not  produce  the  results  obtained.  To  a. cer- 
tain extent  this  criticism  may  be  justified,  and  I  do  not  call, 
particular  attention  to  the  marked  efiect  of  the  potash  for  the 
purpose  of  urging  upon  our  farmers  exclusive  dependence 
upon  this  fertilizer,  but  to  make  more  emphatic  the  point 
that  our  farmers  in  general  should  insist  that  fertilizers  de- 
signed for  use  for  the  corn  crop  should  be  richer  in  potash 
than  is  usually  the  case.  The  results  obtained  in  previous 
years  on  this  field  indicate  not  so  much  that  this  soil  is  defi- 
cient in  potash,  —  for  some  crops,  such  as  grass,  for  example, 
do  well  on  the  plots  to  which  no  potash  has  been  applied 
since  the  beginning  of  the  experiment,  —  as  that  the  corn 
crop  depends  in  a  marked  degree  upon  a  liberal  supply  of 
readily  available  potash. 

B.  —  Soil  Test  with  Mixed  Grass  and  Clover  (JVorfh  Acre). 
The  acre  used  in  the  north  soil  test  has  been  kept  in  this 
experiment  fifteen  years,  beginning  in  1890.  The  fertilizers 
have  been  used  in  the  same  combinations  and  in  general  in 
the  same  amounts  on  the  several  plots  as  in  the  south  soil 
test,  except  that  during  the  years  when  onions  have  been 
grown  the  fertilizers  have  been  used  in  double  the  usual 
quantities.  Each  fertilizer  or  combination  of  fertilizers  has 
been  used  continuously  upon  the  same  plot.  In  this  experi- 
ment the  plots  were  divided  transversely  in  1899,  and  lime 
was  applied  at  the  rate  of  1  ton  to  the  acre  to  one-half  of 
each  plot.     The  lime  was  applied  after  plowing,  and  har- 
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rowed  in.  Daring  the  pa«t  season  the  .sani«^  halves  of  all  the 
plots  have  onee  more  been  limed,  and  at  practieally  the  same 
rate  as  before  ;  but  this  year,  as  the  land  was  in  grass,  the 
lime  was  applied  as  a  top-dressing  on  the  grass  in  spring. 
The  date  of  application  was  May  13.  The  crops  grown  in 
this  field,  in  the  order  of  succession,  beginning  in  181)0, 
have  been  :  potatoes,  corn,  soy  beans,  oats,  grass  and  clover, 
grass  and  clover,  cabbages  and  ruta-baga  turnips,  potatoes, 
onions  for  four  years  (1898  to  1901  inclusive),  potatoes, 
grass  and  clover,  and  grass  and  clover.  The  field  was  sown 
to  grass  and  clover  after  the  harvesting  of  potatoes  in  the 
autumn  of  1902  (September  15).  The  rate  of  seeding  per 
acre  was :  timothy,  18  pounds  ;  red- top,  8  pounds ;  red 
clover,  5  pounds  ;  and  alsike  clover,  4  pounds.  The  clover 
winter-killed,  and  accordingly  additional  clover  seed  (15 
pounds)  was  sown  on  April  4,  1903. 

On  account  of  the  deficiency  in  rainfall  from  the  middle 
of  April  to  about  the  10th  of  June,  1903,  the  yields  last 
year  on  all  plots  were  very  small.  The  yields  during  the 
past  season  have  been  much  larger.  They  are  shown  in  the 
following  table  :  — 

Grass  and  Clover.  — North  Acre  Soil  Test,  1904. 


Plots. 


Fertilizers  used. 


Nothing 

Nitrate  of  soda 

Dissolved  bone-black, 

Nothing, 

Muriate  of  potush,     . 

Nitrate  of  soda  and  dissolved 

bone-black. 
Nitrate  of  soda  and  muriate  of 

potash. 
Nothing, 

Dissolved  bone-black  and  mu- 
riate of  potash. 

Nitrate  of  soda,  dissolved  bone- 
black  and  muriate  of  potash. 

Plaster 

Nothing 


Yield  per  Acre, 
Hat. 

Unlimed 
(Pounds). 

Limed 
(Pounds). 

1,060 

800 

1,960 

1,600 

1,000 

680 

560 

560 

600 

1,920 

2,120 

2,320 

1,920 

1,860 

560 

940 

860 

3,600 

2,200 

4,400 

560 

600 

640 

1,280 

Gain  or  Loss  per 

Acre,  compared 

VFiTH  Nothing  Plots. 


Unlimed 
(Pounds). 


1,067 
273 

40 
1,560 
1,360 

280 
1,600 
—60 


Limed 
(Pounds). 


880 
40 

1,265 
1,570 
1,015 

2,575 
3,290 
—595 
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Orass  mid  Clover.  —  North  Acre  Soil  Test,  1904  —  Concluded. 


Plots. 


Fertilizers  used. 


Nothing, 

Nitrate  of  soda,  .... 
Dissolved  bone-black, 

Nothing, 

Muriate  of  potash,     . 

Nitrate  of  soda  and  dissolved 

bone-black. 
Nitrate  of  soda  and  muriate 

of  potash. 
Nothing, 

Dissolved  bone-hlack  and  nni- 
riate  of  potash. 

Nitrate  of  soda,  dissolved  bone- 
black  and  muriate  of  potash. 

Plaster 

Nothing 


Yield  per  Acre, 

ROWEN. 


Unlimed 
(Pounds) 


140 
60 
60 
30 
70 

210 
50 
40 
80 

620 
20 
10 


Limed 

(Pounds), 


90 

120 

130 

780 

810 

.520 

.500 

2,560 

2,840 

SO 

240 


Gain  or  Loss  per 

Acre,  compared 

WITH  Nothing  Plots. 


Unlimed 
(Pounds). 


—30 
30 

37 

175 

12 

47 

595 

2 


Limed 
(Pounds). 


557 
495 
112 

2,125 
2,470 
—225 


The  results  of  this  year  resemble  those  of  last  year  in  one 
particular,  namely,  the  marked  increase  in  the  first  crop 
which  follows  the  application  of  nitrate  of  soda  ;  but  in  one 
important  particular  the  results  this  year  differ  from  those 
of  1903  in  a  marked  degi'ee,  namely,  in  the  very  large  in- 
crease on  the  limed  portion  of  those  plots  to  which  muriate 
of  potash  has  been  annually  applied.  In  commenting  upon 
the  results  of  last  year,  I  said  :  — 

Much  evidence  is  afforded  by  a  study  of  the  relative  propor- 
tions of  the  different  species  on  the  different  plots  and  on  the 
limed  and  unlimed  portions  of  the  several  plots,  that  the  soil 
in  some  parts  of  this  field  is  once  more  becoming  acid. 

The  principal  ground  on  which  this  statement  was  based 
was  the  comparative  absence  of  clover,  even  on  the  limed 
portion  of  such  plots  as  had  been  supplied  annually  with 
potash.  This  relative  absence  of  clover  last  year  was  doubt- 
less in  part  due  to  the  unfavorable  climatic  conditions ;  but 
the  widely  different  results  of  this  year  indicate  that  the  lime 
applied  this  season  proved  distinctly  and  largely  beneficial. 

It  is  desired  to  call  particular  attention  to  the  yield  both 
of  hay  and  of  rowen  on  the  limed  portion  of  Plot  9.     This 
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plot,  it  should  be  understood,  has  not  received  an  applica- 
tion of  anything  furnishing  nitrogen  during  the  fifteen  years 
that  the  experiment  lias  continued  ;  and  yet  on  the  limed  por- 
tion of  this  plot  we  this  year  have  a  yield  of  hay  at  the  rate 
of  3,600  pounds  and  a  yield  of  rowen  at  the  rate  of  2,560 
pounds  per  acre, — a  total  of  rather  over  3  tons,  at  a  fer- 
tilizer cost  at  the  rate  of  |6.50  per  acre.  Allowing  for  an 
application  of  lime  at  the  rate  of  a  ton  once  in  eight  years, 
the  annual  cost  of  the  materials  applied  to  this  plot  amounts 
to  about  17.50  per  acre.  The  yields  obtained  at  this  very 
low  cost  indicate  in  a  most  striking  manner  the  possibilities 
in  the  production  of  clover  hay  on  soils  naturally  suited  to 
clovers,  without  the  use  of  the  expensive  nitrogen  manures 
or  fertilizers. 

It  is  of  especial  interest  to  compare  the  yields  of  Plot  10 
with  those  on  Plot  9.  Plot  10  has  annually  received  nitrate 
of  soda,  in  addition  to  the  same  amounts  of  dissolved  bone- 
black  and  muriate  of  potash  as  are  used  on  Plot  9.  The 
result  is  a  fair  hay  crop,  even  on  the  part  of  the  plot  where 
lime  has  not  been  used.  Here,  however,  as  on  Plot  9,  the 
yield  is  greatly  increased  by  the  application  of  lime,  and  we 
have  a  total  in  the  two  crops  of  the  year  at  the  rate  of  7,240 
pounds  per  acre.  This  exceeds  the  yield  of  the  two  crops 
on  Plot  9  at  the  rate  of  a  little  more  than  a  thousand  pounds 
per  acre.  This  increase  is  produced  as  the  result  of  an  appli- 
cation at  the  rate  of  160  pounds  of  nitrate  of  soda.  Such 
an  application  would  cost  about  |4,  and  the  increase  is  there- 
fore produced  at  a  moderate  })rotit. 

As  in  previous  years,  the  relative  proportion  of  the  differ- 
ent species  (red-top,  timothy  and  clovers)  on  the  several 
plots  has  been  carefully  studied.  The  most  important  points 
noted  are  as  follows  :  first,  the  use  of  nitrate  of  soda  increases 
the  proportion  of  red-top  ;  second,  potash  increases  the  pro- 
portion of  clover  in  a  marked  degree,  and  this  influence  is 
enormously  increased  on  the  limed  portion  of  the  plots. 

It  will  be  seen,  by  reference  to  the  table  showing  how  the 
fertilizers  are  applied,  that  Plot  6,  which  receives  an  appli- 
cation of  nitrate  of  soda  and  dissolved  bone-black  annually, 
lies  between  two  plots  (5  and  7)  each  of  which  annually 
receives  an  application  of  potash.     During  the  past  season, 
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and  to  some  slight  extent  in  previous  seasons,  it  has  been 
noticed  that  the  growth  of  the  crops  on  the  edges  of  Plot  6, 
although  it  is  separated  from  5  and  7  by  strips  31/2  feet  in 
width  which  have  not  received  any  fertilizer  since  the  ex- 
periment began,  shows  plainly  the  influence  of  the  potash 
applied  to  the  neighboring  plots,  which  has  apparently  dif- 
fused through  the  intervening  31/2  feet  strips,  and  is  now 
beginning  to  aifect  the  growth  of  the  crops  on  Plot  6.  Dur- 
ing the  past  season  there  has  been  a  little  fringe  of  clover 
on  each  edge  of  Plot  6  ;  this,  however,  has  not  been  suffi- 
cient in  amount  to  materially  afiect  the  yield  on  this  plot, 
which,  as  will  be  seen,  showed  but  little  increase  in  the 
amount  of  rowen,  which  best  measures  the  proportion  of 
clover.  The  figures,  however,  for  this  plot  are  undoubtedly 
to  some  small  degree  misleading.  The  nitrate  and  the  dis- 
solved bone-black  alone  would  produce  little  or  no  clover ; 
they  have,  however,  produced  a  fairly  large  crop  of  hay, 
al)0ut  equally  good  on  the  unlimed  and  limed  portions  of 
the  plot.  This  result  is  doubtless  to  be  ascribed  mainly  to 
the  effect  of  nitrate  of  soda  in  stimulating  the  growth  of  the 
grasses. 

The  relatively  small  increase  on  the  limed  portion  of  Plot 
7,  where  nitrate  of  soda  and  muriate  of  potash  are  used 
together,  appears  to  be  due  to  the  fact  referred  to  in  my 
last  annual  report,  —  that,  where  these  two  fertilizers  are 
used  together,  soil  effects  very  unfavorable  to  the  growth  of 
clover  follow.  It  is  believed  that,  to  correct  this  unfavorable 
influence  of  these  chemicals,  lime  must  be  used  in  very  large 
amounts. 

VI.  —  Special  Corn  Fertilizer  v.  Fertilizer  richer  in 

Potash. 
It  may  be  remembered  that  on  this  acre  we  are  endeavor- 
ing to  throw  light  upon  the  question  as  to  the  proper  com- 
position of  fertilizers  used  alone  for  the  corn  crop.  This 
experiment  began  in  1891.  The  crop  from  1891  to  1896 
inclusive  Avas  corn  ;  in  1897  and  1898  the  crop  was  mixed 
grass  and  clover;  in  1899  and  1900  it  was  corn;  in  1901 
and  1902,  grass  and  clover;  in  1903  and  1904,  corn.  A 
statement  of  the  results  to  date  will  be  found  in  preceding  an- 
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nual  reports.  The  object  in  view  is  to  test  the  question  as  to 
whether  the  special  corn  fertilizers  offered  in  our  markets  are 
of  such  composition  as  is  best  suited  for  the  production  of 
corn  in  rotation  with  mixed  grass  and  clover.  The  field  used 
in  the  experiment  contains  one  acre,  and  is  divided  into  four 
equal  plots.  Plots  I  and  3  have  yearly  received  an  ap[)li- 
oation  of  mixed  fertilizers,  furnishing  the  same  amount  of 
nitrogen,  phosphoric  acid  and  potash  as  would  be  furnished 
by  1,800  pounds  of  fertilizer  of  the  composition  of  the  aver- 
age of  the  special  corn  fertilizers  analyzed  at  this  station. 
This  average  has  changed  but  little  during  recent  years,  and 
in  1899,  since  which  date  we  have  made  no  change  in  the 
kinds  and  amounts  of  fertilizers  used,  was  as  follows  :  — 

Per  Cent. 
Nitrogen,  .........       2.37 

Phosplioric  acid,         .         .         .         .         .         .         .10.00 

Potash, 4-30 

The  various  fertilizers  offered  in  1899  differed  widely  in 
composition.  The  extent  of  the  variation  is  shown  in  the 
following  table  :  — 

Per  Cent. 
Nitrogen,       ........     1.5-  3.7 

Phosphoric  acid,    .......     9.0-13.0 

Potash, 1.5-9.5 

The  fertilizers  used  on  plots  2  and  4  are  substantially  the 
same  in  kind  and  amount  as  recommended  in  Bulletin  No. 
58  for  corn  on  soils  poor  in  organic  matter.  The  essential 
difference  in  composition  between  the  fertilizer  mixtures  un- 
der comparison  is  that  that  used  on  plots  2  and  4  is  richer 
in  potash  and  much  poorer  in  phosphoric  acid  than  the  mix- 
ture representing  the  average  market  corn  fertilizers.  The 
fertilizers  applied  to  the  several  plots  are  shown  below  :  — 


Fertilizers  used. 


Plots  1  and  3 
(Pounds  Each) . 


Plots  2  and  4 
(Pounds  Each). 


Nitrate  of  soda, 
Dried  lilood. 
Dry  irroiiiid  lisli, 
Acid  jiliiispliate. 
Muriate  of  iiotash, 


30.0 
30.0 
37.. 5 
273.0 
37.5 


50.0 
50.0 
62.5 
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The  crop  of  the  past  two  seasons  has  been  corn,  the  crop 
of  1903  being  the  first  to  follo^y  mixed  grass  and  clover, 
which  occupied  the  land  in  1901  and  1902.  The  season  of 
1904,  while  too  low  in  average  temperature  for  the  best 
growth  of  corn,  was  distinctly  more  favorable  to  tlie  crop 
than  1903.  Tlie  following  tables  sliow  the  yields  on  the 
several  plots  and  the  averages  for  the  two  systems  of  ma- 
nuring :  — 

Yields  of  Corn,  1904. 


Plots. 


Good 
(Bushels). 


Soft 
(Bushels). 


Stover 
(Pounds). 


Plot  1  (lesser  potash),  . 
Plot  2  (richer  in  potash) , 
Plot  3  (lesser  potash),  . 
Plot  4  (richer  in  potash) , 


69.25 
57.50 

57.75 
55.25 


9.33 

7.79 
13.56 


10,640 
9,208 
8,280 
9,660 


Average  Yields  per 

Acre. 

Plots. 

Good 
(Bushels) . 

'  Soft 
(Bushels). 

Stover 
(Pounds). 

Plots  1  and  3  (lesser  potash), 

Plots  2  and  4  (richer  in  potash) , 

58.50 
56,37 

7.78 
11.45 

9,460 
9,434 

It  will  be  seen  that  the  yields  under  the  two  systems  of 
fertilization  were  substantially  equal,  although  the  grain  on 
plots  1  and  3  was  better  ripened  than  on  the  other  plots. 
During  the  early  part  of  the  season  the  growth  of  the  corn 
on  plots  1  and  3  was  materially  better  than  on  plots  2  and  4  ; 
the  plants  showed  a  better  color  and  were  of  larger  size. 
This  difference  showed  itself  very  early  in  the  season.  On 
July  6,  it  was  judged  that  the  plants  on  plots  1  and  3  aver- 
aged one  and  one-half  times  the  height  of  the  plants  on  the 
other  plots,  and  the  difference  in  the  growth  on  that  date 
was  judged  to  be  considerably  less  than  at  an  earlier  period. 
As  the  season  advanced,  the  corn  on  ]>lots  2  and  4  steadily 
gained  in  condition  and  size,  as  compared  with  that  on  plots 
1  and  3  ;  and  by  the  end  of  the  season,  as  the  harvest 
showed,  the  initial  superiority  on  })l()ts  1  and  3  had  entirely 
disappeared.     At  present  we  are  not  in  a  position  to  state 
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to  what  cause  the  superior  growth  on  plots  1  and  3  early  in 
the  season  was  due ;  but  it  appears  probable  that  the  cause 
was  the  stimulative  efiect  of  the  excess  of  phosphoric  acid, 
which,  as  has  been  repeatedly  shown,  when  used  in  liberal 
amounts  exercises  a  marked  eflect  in  hastening  maturity. 

At  present  prices  for  fertilizer  materials,  the  fertilizers 
used  on  plots  1  and  3  cost,  laid  down  in  Amherst,  at  the  rate 
of  $19.25  per  acre  ;  those  used  on  plots  2  and  4  cost  at  the 
rate  of  $14.20  per  acre.  The  fertilizer  combination  richer 
in  potash,  therefore,  costs  a  little  more  than  $5  per  acre  less 
than  the  combination  rei)rcsenting  average  corn  fertilizers. 
It  is  significant  that  at  this  lower  cost  we  have  a  corn  crop 
equal  to  that  produced  at  the  higher  figure.  Last  year, 
when  the  corn  crop  on  all  plots  was  very  poor,  the  yield  on 
plots  1  and  3  was  distinctly  better  than  on  plots  2  and  4  ; 
but,  with  that  exception,  the  average  results  to  date  show 
corn  crops  substantially  equal  on  the  two  fertilizer  combina- 
tions, while  whenever  the  land  is  put  into  mixed  grass  and 
clover,  the  fertilizer  combination  richer  in  potash  gives  crops 
materially  larger  and  of  better  quality  than  the  combination 
richer  in  phosphoric  acid.  The  advantage  to  date,  there- 
fore, is  most  decidedly  in  favor  of  the  fertilizer  combination 
containing  the  more  potash ;  and  fertilizer  manufacturers 
are  urged  to  increase  the  proportion  of  this  element  in  corn 
fertilizers,  and  farmers  on  their  part  should  insist  on  such 
increase. 

VII.  —  Manure  Alone  v.  Manure  and  Potash. 
These  experiments,  which  have  for  their  object  to  show 
the  relative  value  as  indicated  by  crop  production  of  an 
average  application  of  manure  used  alone,  as  compared  with 
a  smaller  application  of  manure  used  in  connection  with  a 
potash  salt,  were  begun  in  1890.  The  field  used  is  level, 
and  the  soil  of  comparatively  even  quality.  It  is  divided 
into  four  quarter-acre  plots.  The  crop  grown  during  the 
years  1890  to  1896,  1899  and  1900,  1903  and  during  the 
past  season,  has  been  corn.  In  1897  and  1898,  and  again 
in  1901  and  1902,  the  crop  was  mixed  grass  and  clover. 
Where  manure  is  used  alone,  it  is  applied  at  the  rate  of  6 
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cords  per  acre.  Where  manure  is  used  with  potash,  the 
rates  of  application  are  :  manure,  4  cords  ;  high-grade  sul- 
fate of  potash,  160  pounds  per  acre.  Manure  alone  is  applied 
to  plots  1  and  3 ;  the  lesser  quantity  of  manure  and  high- 
grade  sulfate  of  potash  to  plots  2  and  4.  Estimating  the 
manure  alone  as  costing  $5  per  cord,  applied  to  the  land,  the 
money  difference  in  the  cost  of  materials  applied  is  at  the  rate 
of  $5.30  per  acre,  the  manure  and  potash  costing  that  amount 
less  than  the  larger  quantity  of  manure  alone.  The  tables 
show  the  rates  of  yield  on  the  several  plots,  and  the  averages, 
under  the  tAvo  systems  of  manuring. 

Yield  of  Corn,  1904. 


Plots. 

Corn 
(Bushels). 

Stover 
(Pounds). 

Plot  1  (manure  alone), 

Plot  2  (manure  and  potash), 

Plot  3  (manure  alone) 

Plot  4  (manure  and  potash) 

68.25 
66.25 
66.. 50 
58.25 

5,840 
5,280 
4,280 
4,840 

Average  Yields  j^cr  Acre. 


Plots. 

Corn 

(Bushels). 

stover 
(Pounds). 

Plots  1  and  3  (manure  alone) 

Plots  2  and  4  (manure  and  potash) 

67.37 
62.25 

5,060 
5,060 

The  averages  made  show  an  equal  amount  of  stover  pro- 
duced under  the  two  systems  of  manuring,  and  slightly  more 
than  5  bushels  of  corn  per  acre  less  on  the  combination  of 
manure  and  potash  than  on  the  larger  quantity  of  manure 
alone.  This  difference  in  yield  is  not  sufficient  to  pay  the 
added  cost  of  the  larger  quantity  of  manure  applied  to  plots 
1  and  3 ;  but,  since  manure  is  an  article  of  home  production 
on  most  farms  where  corn  is  groAvn,  not  much  importance 
would  be  attached  to  this  point  by  the  average  farmer.  The 
corn  crops  produced  under  the  two  systems  of  manuring 
previous  to  this  year  have  been  substantially  equal.  The 
inferiority  in  yield  this  year  is  of  conseciuence  only  on  Plot 
4  ;  and  it  is  suspected  that  accidental  vai'iation  in  conditions 
determined  the  smaller  product  on  this  plot,  rather  than  the 
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difference  in  the  system  of  manuring.  We  knoAV  that  the 
plants  in  the  field,  on  account  of  imperfect  germination  due 
to  the  unfavorable  weather  which  preceded  and  followed 
planting,  were  not  as  thick  as  is  desirable,  Tlic  fact,  how- 
ever, that  the  yield  of  stover  on  Plot  4  is  greater  than  that 
on  Plot  3,  renders  it  exceedingly  doubtful  whether  the  cause 
of  the  relatively  small  yield  of  corn  on  Plot  4  was  the  greater 
proportion  of  unoccupied  space. 

VIII.  —  Experiment  in  Manuring  Grass  Land. 
The  report  which  is  to  be  made  concerning  results  in  this 
experiment  is  best  introduced  by  quoting  from  my  sixteenth 
annual  report :  — 

In  this  experiment,  which  has  continued  since  181)3,  the  pur- 
jiose  is  to  test  a  system  of  using  manures  in  rotation  for  the 
production  of  grass.  The  area  used  in  the  experiment  is  about 
nine  acres.  It  is  divided  into  three  approximately  equal  plots. 
The  plan  is  to  apply  to  each  plot  one  year  barnyard  manure, 
the  next  year  wood  ashes,  and  the  third  year  fine  ground  bone 
and  muriate  of  potash.  As  we  have  three  plots,  the  system  of 
manuring  has  been  so  arranged  that  every  year  we  have  a  plot 
illustrating  the  results  of  each  of  the  applications  under  trial. 
The  rates  at  which  the  several  manures  are  employed  are  as 
follows:  barnyard  manure,  8  tons;  wood  ashes,  1  ton;  ground 
bone,  600  pounds  and  muriate  of  potash,  200  pounds,  per 
acre.  The  manure  is  always  applied  in  the  fall,  ashes  and  the 
bone  and  potash  in  early  spring. 

The  past  season  was  exceptionally  favorable  for  the  pro- 
duction of  a  heavy  yield  of  hay,  but  a  relative  deficiency  in 
rainfall  during  the  period  occupied  by  the  growth  of  the 
rowen  crop  was  doubtless  the  principal  reason  for  the  falling 
off  in  the  yield  of  rowen,  as  compared  with  that  produced  in 
the  season  of  1903.  The  yields  of  hay  and  rowen  and  the 
total  yields  for  each  system  of  manuring  were  at  the  follow- 
ing rates  per  acre  :  — 


Fertilizers  used. 


Hay 

(Pounds). 


Koweu 

(Pounds). 


Totals 
(Pounds). 


Barnyard  manure, 
Bone  and  potash, 
Wood  ashes,    . 


7,068 
6,024 
4,866 


-2,147 

■J.O.SO 
2,(164 


9,215 
8,0.')4 
6,930 
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The  average  total  yield  of  the  entire  area  for  this  year  is 
8,050  pounds.  The  average  for  the  entire  period  during 
vrhich  the  experiment  has  continued  (1893  to  1903  inclu- 
sive) is  6,597  pounds.  The  average  to  date  is  6,718  pounds. 
The  average  yield  when  top-dressed  with  manure  has  been 
7,026  pounds  ;  when  top-dressed  with  wood  ashes,  6,304 
pounds;  when  top-dressed  with  bone  and  potash,  6,686 
pounds.  The  yields  for  the  past  year,  it  will  be  noticed, 
are  considerably  above  the  averages  for  the  entire  period. 

Different  Seed  Mixtures  comjiored. 
In  my  last  annual  report  ^  will  be  found  a  description  of 
the  variation  in  the  seed  mixtures  used  on  diiierent  portions 
of  two  plots  in  this  field  (1  and  2).  In  one  of  these  seed 
mixtures  timothy  is  the  most  prominent  species  ;  in  tho 
other,  meadow  and  tall  Fescue  are  prominent ;  and  these 
different  mixtures  may  be  spoken  of  respectively  as  the 
timothy  mixture  and  the  Fescue  mixture.  The  timothy 
mixture  is  substantially  the  same  as  that  in  general  use 
among  farmers,  including  timothj^,  red-top,  common  red 
clover  and  alsike  clover.  The  other  mixture  includes  small 
quantities  of  all  of  these  species,  and  in  addition  Kentucky 
blue-grass  and  the  two  Fescues  named.  In  my  last  report 
the  statement  is  made  that  it  is  believed  that  the  Fescues  will 
hold  the  ground  more  tenaciously  than  the  timothy.  The 
yields  last  year  were  materially  greater  on  the  portions  of 
the  plots  occupied  by  the  timothy  mixture.  The  rates  of 
yield  on  the  two  mixtures  for  the  past  season  are  as  fol- 
lows :  — 


Yield  per  Acre  (Pounds). 


Plot  1,  Timothy  mixturo, 
Plot  1,  Fescue  mixturo, . 
Plot  2,  Timothy  mixture, 
Plot  2,  Fescue  mixture, . 


2,101 
2,121 
2,129 
2,597 


The  differences  this  year  are  materially  less  than  last,  and 
on  Plot  2  the  Fescue  mixture  has  given  the  larger  yield. 


1  Sixteenth  annual  report.  Hatch  Experiment  Station,  pp.  145, 146. 
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The  timothy  has  not  >'et  been  displaced  by  other  species  to 
any  noticeable  extent,  but  the  poorer  showing  of  the  mix- 
ture in  which  it  is  })rominent  this  year  as  compared  with 
last  possibly  indicates  that  the  belief  that  the  Fescue  mixture 
would  ulthnately  prove  the  better  of  the  two  will  be  justified 
by  the  results  obtained. 

IX, — Experiment  in  the  Application  of  Manure. 

This  experiment  is  designed  to  ascertain  whether  it  is 
economically  good  policy  to  spread  manure  during  the  late 
fall  and  winter,  and  allow  it  to  remain  on  the  sui-face  until 
spring  before  plowing  under.  This  system  in  our  experi- 
ment is  compared  with  the  plan  of  hauling  manure  to  the 
field  during  the  winter,  and  putting  it  into  large  heaps.  To 
insure  even  quality  of  the  manure  used  in  the  two  systems, 
it  is  our  practice  to  manure  two  plots  at  one  time,  putting 
the  loads  of  manure  as  hauled  to  the  field  alternately  upon 
the  two,  in  the  one  case  spreading,  but  in  the  other  putting 
a  sufficient  number  of  loads  to  provide  for  the  entire  plot 
into  one  large  heap.  We  are  using  in  this  experiment  five 
large  plots,  each  of  which  is  subdivided  into  two  subplots. 
For  one  of  these  subplots  the  manure  is  spread  when  hauled 
out,  for  the  other  it  is  put  into  a  large  heap.  The  area  of 
these  subplots  is  about  one  quarter  of  an  acre,  and  to  each 
the  amount  of  manure  applied  is  11,096  pounds.  The 
manure  from  well-fed  milch  cows  is  used  upon  eight  sub- 
plots, and  horse  manure  on  two.  The  manure  used  in  this 
experiment  is  applied  at  ditferent  dates  during  the  winter, 
our  practice  being  to  allow  the  manure  to  accumulate  in 
the  pits  from  which  it  is  taken  until  there  is  a  sufficient 
quantity  for  at  least  two  subplots.  The  condition  of  the  soil 
at  the  time  of  application  and  the  nature  of  the  weather 
which  follows  must  necessarily  differ  in  the  difi'erent  experi- 
ments ;  and  these  difi'erences,  together  with  the  difference  in 
the  dates  of  application  above  referred  to,  no  doubt  in  a 
measure  account  for  the  variation  in  the  results  of  the  two 
systems  noticed  on  the  different  plots. 

The  crop  in  this  field  last  year  was  soy  beans.  After  the 
beans  were  harvested,  winter  rye  was  sown  as  a  cover  crop. 
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The  elate  of  .sowing  was  necessaril}^  late,  and  the  rye  went 
into  the  winter  very  small.  There  was  no  injury,  however, 
from  winter-killing,  and  at  the  date  of  plowing  last  spring, 
May  14,  this  crop  had  made  considerable  growth.  The  crop 
of  the  past  season  was  a  mixed  growth  of  Sibley's  Pride  of 
the  North  corn  and  Medium  Green  soy  beans  for  ensilage. 
The  corn,  on  account  of  seasonal  peculiarities  several  times 
alluded  to  in  this  report,  germinated  somewhat  imperfectly, 
and  there  was  some  damage  due  to  pulling  of  the  young 
plants  by  crows.  The  proportion  of  corn  to  beans,  there- 
fore, was  somewhat  lower  than  is  desirable.  The  date  of 
planting  was  June  13  and  14,  the  work  having  been  impos- 
sible earlier,  on  account  of  the  wet  condition  of  the  soil. 
Taking  into  consideration  the  condition  of  the  soil  at  the 
time  of  planting  and  the  relatively  low  temperature  of  the 
summer,  the  crop  was  fiiirly  satisfactory  ;  but  it  was  un- 
doubtedly unfavorably  affected  in  places  because  of  faulty 
soil  conditions.  It  was  judged  that  these  conditions  most 
seriously  afiected  the  several  pairs  of  plots  directly  compared 
in  the  following  table  as  follows  :  in  Plot  1,  on  the  south 
half;  in  Plot  2,  on  the  north  half;  in  Plot  3,  on  the  south 
half;  in  Plot  4,  on  the  south  half;  and  in  Plot  5,  on  the 
south  half.  These  facts  should  be  kept  in  mind  in  interpret- 
ing the  results.  The  rates  of  yield  per  acre  and  the  relative 
standing  of  the  several  plots  are  shown  in  the  following 
table  :  — 
Actual  and  Relative  Yields  of  Green  Forage.  —  Corn  and  Soy  Beans. 


Actual  Yields  (Rates 
PEK  Acre,  Pounds). 

Relative  Yields 
(Per  Cent.). 

Plots. 

North  Half, 

Winter 
Application. 

South  Half, 

Spring 
Application. 

North  Half, 

Winter 
Application. 

South  Half, 

Si.riii.u- 
Application. 

Plot  1,  .....       . 

26,622 

24,549 

100 

92.2 

Plot  2 

20,548 

22,062 

100 

107.4 

Plot  3, 

15,375 

20,007 

100 

130.1 

Plot  4, 

22,167 

20,595 

100 

92.9 

Plot  5 

22,959 

22,325 

100 

97.2 

Attention   is   called   to  the  fact  that  the  differences  this 
year,  witli  one  exception,  are  not  very  large,  and  that  with 
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the  single  cxcoption  alluded  to  it  is  the  halt-plot  on  which 
the  soil  conditions  were  least  favorable  whieli  gives  the 
smaller  yield.  The  winter  of  1903  and  1904  must  be  re- 
ijarded  as  havino^  been  on  the  whole  favorable  to  winter 
application.  The  ground,  it  is  true,  was  deeply  frozen  be- 
fore the  coming  of  snow,  but  the  winter  was  severely  and 
continuously  cold.  There  was  a  noticeable  absence  of  win- 
ter rains  and  thaws,  during  which  water  washes  in  large 
quantities  over  the  surface.  In  estimating  the  significance 
of  the  result,  it  must  be  kept  in  mind  that  it  costs  more  to 
put  manure  first  into  a  large  heap  and  then  in  spring  to  take 
it  from  this  heap  and  spread  it,  than  it  does  to  spread  during 
the  winter  at  the  time  the  manure  is  hauled  from  the  stable. 
The  money  difference  in  the  cost  of  handling  manure  in  the 
two  ways,  as  shown  by  our  experience,  amounts  to  about 
$4.80  per  acre.  The  difference  in  the  value  of  the  crops  in 
favor  of  spring  application  is  scarcely  sufficient  to  cover 
this  added  cost,  even  on  Plot  3,  where  such  difference  was 
greatest ;  and,  although  the  unfavorable  soil  conditions  above 
referred  to  doubtless  lowered  the  product  on  that  special 
plot  where  the  manure  was  applied  in  the  spring  in  three 
instances,  plots  1,  4  and  5,  it  seems  highly  improbable  that, 
even  with  equality  of  conditions,  the  gain  from  spring  appli- 
cation on  these  plots  would  have  given  a  degree  of  superi- 
ority sufficient  to  cover  the  added  cost. 

Previous  reports  have  tended  to  show  spring  application 
to  be  advisable  on  this  field,  which  has  a  considerable  slope  ; 
and  so  I  still  believe  it  will  in  the  long  run  prove  to  be. 
The  exceptional  character  of  the  winter  of  1903  and  1904  is 
a  sufficient  explanation  of  the  difference  in  average  results. 

X.  —  Nitrate  of  Soda  for  Rowen. 
This  experiment  is  an  efibrt  to  determine  whether  an 
application  of  nitrate  of  soda  after  the  harvesting  of  the 
first  crop  will  give  an  increase  in  rowen  sufficient  to  cover 
the  cost.  The  field  where  the  experiment  has  been  a  num- 
ber of  times  repeated  is  a  mixed  timothy  and  clover  sod. 
It  is  divided  into  eight  plots  of  like  area,  these  plots  being 
numbered  1  to  8  and  each  including  about  three-eighths  of 
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an  acre.  Nitrate  of  soda  at  the  rate  of  150  pounds  per  acre 
is  applied  to  plots  2  and  4,  while  the  application  on  Plot  6 
is  200  pounds,  and  on  Plot  8  250  pounds.  To  the  remain- 
ing plots  no  nitrate  is  applied.  The  first  crop  of  hay  in 
this  field  was  housed  on  July  14.  Tlie  rate  of  yield  was 
6,314  pounds  per  acre.  When  this  experiment  has  been 
tried  in  previous  years,  it  has  been  found  a  matter  of  con- 
siderable difficulty  to  spread  the  relatively  small  amounts  of 
nitrate  of  soda  used  evenly  ;  and,  as  a  means  of  obviating 
this  difficulty,  the  nitrate  used  on  each  plot  during  the  past 
season  was  mixed  with  basic  slag  meal.  The  amount  of  slag 
meal  applied  was  137^^  pounds  per  plot,  and  the  slag  meal 
was  applied  to  the  plots  receiving  no  nitrate  as  well  as  to 
the  others,  and  on  all  in  equal  amounts.  The  mixture  of 
slag  and  nitrate  remained  dry,  and  its  even  application  was 
relatively  easy.  At  the  rates  used,  the  nitrate  and  slag 
were  mixed  in  proportions  varying  from  about  one  nitrate 
to  three  slag  to  about  one  nitrate  to  two  slag.  Even  with 
the  higher  proportions  of  nitrate  to  slag,  the  mixture  re- 
mained dry  and  in  convenient  form  for  application.  The 
rates  of  yields  on  the  several  plots  are  shown  in  the  follow- 
ing table  :  — 

Nitrate  of  Soda  for  Rowen.  —  Yields  per  Acre  {Tounds) . 

[Basic  slag  meal  at  the  rate  of  137i/^  pounds  per  plot.] 


Plots. 


Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 
Plot  (5, 
Plot  7, 
Plot  8, 


Nitrate  used  (Rates  pek  Acre). 


Yield. 


No  nitivate,  .... 
Nitrate  of  soda,  150  pounds, 

No  nitrate 

Nitrate  of  soda,  150  pounds, 
No  nitrate,  .... 
Nitrate  of  soda,  200  pounds, 
No  nitrate,  .... 
Nitrate  of  soda,  250  pounds. 


716 
1,341 

990 
1,432 

853 
1,234 
1,021 
1,932 


In  the  effort  to  determine  whether  the  application  of 
nitrate  is  profitable,  the  yield  wherever  it  has  been  applied 
has  been  com]iared  cither  with  the  yield  of  the  nearest  plot, 
or,  in  cases  where  it  is  possible,  with  the  average  yield  of 
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the  twt)  plots  between  which  the  plot  under  eonsideration 
lies  to  which  no  nitrate  was  applied.  On  this  basis,  the 
average  increase  due  to  application  of  150  pounds  of  nitrate 
of  soda  was  499  pounds  ;  the  use  of  200  pounds  of  nitrate 
of  soda  gave  an  apparent  increase  of  297  pounds;  while 
the  application  of  250  pounds  of  nitrate  of  soda  gave  an 
a})parent  increase  of  911  pounds.  The  weather  during  the 
period  of  growth  of  the  rowen  crop  was  too  dry  for  tlie 
best  resuhs.  At  the  rates  of  increase  shown,  the  applica- 
tion would  be  hardly  profitable. 

XI.  —  Variety  Test,  Potatoes. 
During  the  past  season  we  have  carried  out  the  second 
year's  trial  of  forty-nine  different  varieties  of  potatoes, 
including  practically  all  of  those  of  recent  origin  advertised 
in  prominent  seed  catalogues  up  to  the  spring  of  1903,  as 
well  as  tw^o  or  three  old  standard  sorts  for  comparison.  The 
seed  used  this  year  was  grown  from  the  original  stock  of 
each  of  the  varieties  on  our  own  grounds  in  the  season  of 
1903.  The  seed  of  all  varieties  was  carefully  preserved 
during  the  winter  under  precisely  similar  conditions.  In 
preparation  for  planting,  the  tubers  were  treated  with  for- 
malin for  prevention  of  scab,  in  the  customary  manner. 
After  removal  from  the  formalin  solution,  they  were  spread 
in  a  thin  layer  in  an  airy  room  April  30,  where  they  were 
allowed  to  lie  until  the  17th  of  May,  when  the  tubers  were 
cut  into  pieces  of  about  two  or  three  eyes  each,  and  planted. 
The  soil  used  in  this  experiment  is  a  medium  loam.  It  pro- 
duced a  corn  crop  in  the  season  of  1903,  and  mixed  grass 
and  clover  seeds  were  sown  in  the  standing  corn.  Neither 
grass  nor  clover  had  made  much  growth  when  the  field  was 
plowed  on  May  3  in  preparation  for  the  potatoes.  The  field 
received  an  application  of  barnyard  manure  at  the  rate  of 
41/2  cords  per  acre,  and  fertilizers  at  the  following  rates  :  — 


Pounds 

Nitrate  of  soda,  ..... 

.        175 

Dried  blood,        ..... 

.       225 

Acid  phosphate,  ..... 

625 

Dry  ground  fish,           .... 

.       400 

High-grade  sulfate  of  potash. 

.       350 
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Both  manure  and  fertilizers  were  spread  evenly  after  plow- 
ino-,  and  harrowed  in.  The  varieties  OTOwn  and  the  rate  of 
yield  of  each  are  shown  in  the  following  table  :  — 

Variety  Test  Potatoes.  —  Bates  of  Yield  per  Acre. 


Variety. 


Merchantable 
(Bushels). 

Small 
(Bushels). 

208 

25 

204 

35 

167 

21 

104 

10 

210 

7 

221 

8 

167 

29 

161 

33 

225 

27 

21.5 

40 

256 

29 

192 

38 

196 

38 

204 

42 

294 

6 

248 

42 

259 

29 

273 

31 

225 

8 

256 

38 

217 

8 

171 

38 

154 

50 

197 

fiO 

125 

29 

256 

8 

263 

31 

225 

13 

263 

15 

165 

25 

183 

33 

204 

29 

263 

27 

204 

13 

192 

14 

Admiral  Foote,  .  .  .  . 
Beauty  of  Hebron  (home  grown) 
Beauty  of  Hebron  (Maine  seed), 

Clinton, 

Crine'6  Lightning,  .  .  .  . 
Daughter  of  Early  Rose, 

Daybreak 

Early  May, 

Early  Nancy, 

Early  Norwood 

Early  Rose 

Ensign  Bagley 

Eureka  Extra  Early,     . 
Extra  Early  Pioneer,     . 
Extra  Early  White  Rose, 
Gem  of  Aroostook, 
Governor  Yates,      .       .       .       . 

Great  Divide 

Hamilton's  Early,  .        .        .        . 

I.  X.  L., 

John  Bull, 

Junior  Pride, 

Kaiser  Krone 

King  of  Michigan,  .       .       .       . 

King  of  Ohio 

Market  Prize, 

Maxima, 

Million  Dollar,  .  .  .  . 
Mills'  New  Rose  Beauty, 

Milwaukee, 

New  Early  Wisconsin,  . 

New  Surjirise 

1904 

Nome 

Nott's  Peachblow 
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Variety  Test  Folatocs. — liale.s  of  Yield  per  Acre  —  Concluded. 


Vakiety. 


Pat's  Choice,    . 

Peck's  Early,  . 

Prince  Henry, 

Red  River  Triumph, 

Red  River  White  Ohio, 

Sensation, 

Simmon's  Model,     . 

Snowflake,  Jr., 

Steuben,    . 

Sweet  Home,    . 

Van  Oruam's  Earliest, 

Vornehm, 

White  Ohio,      . 


Merchantable 
(Bushels). 

Small 
(Bushels). 

217 

11 

223 

10 

20C 

17 

208 

14 

156 

31 

248 

14 

319 

25 

252 

8 

268 

38 

140 

48 

197 

17 

185 

33 

146 

27 

The  growth  of  practically  all  varieties  was  normal  and 
healthy.  The  vines  were  sprayed  twice  with  Bordeaux 
mixture  for  prevention  of  bhght  and  rot.  The  treatment 
was  successful,  and  the  yield  of  most  varieties  was  good. 
One  variety,  Simmon's  Model,  gave  a  yield  exceeding  300 
bushels  per  acre.  The  smallest  yield  is  that  given  by  the 
Clinton,  — 104  bushels  of  merchantable  tubers  per  acre. 
Six  varieties,  mentioned  in  the  order  of  their  productive- 
ness, gave  yields  of  merchantable  tubers  at  rates  between 
260  and  300  bushels  per  acre,  viz.  :  Extra  Early  White 
Rose,  Great  Divide,  Steuben,  Maxima,  1904,  Mills'  New 
Rose  Beauty.  The  Beauty  of  Hebron,  which  in  previous 
variety  tests  has  given  yields  almost  as  large  as  any  under 
trial,  takes  a  lower  rank  as  the  result  of  the  test  of  last 
season. 

XII.  —  Poultry  Experiments. 

The  poultry  experiments  of  the  past  season  have  followed 
along  precisely  similar  lines  to  those  followed  last  year. 
We  are  making  an  effort  to  tlirow  light  on  the  question  as  to 
the  proper  selection  of  feeds  for  laying  fowls. 

1.  In  the  experiment  comparing  wheat  with  corn,  animal 
meal  being  the  source  of  the  animal  food  used,  the  following 
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results  were  obtained  :  for  the  first  period,  February  3  to 
May  17,  the  wheat  ration  produced  eggs  at  the  average  rate 
of  .4333  per  hen  day ;  the  corn  ration  at  the  rate  of  .3837 
per  hen  day ;  in  other  words,  100  hens  would  have  laid  per 
day  on  the  wheat  ration  43^^  ©ggs,  and  on  the  corn  ration 
practically  38^  eggs  per  d&y.  For  the  second  period,  May 
17  to  September  30,  the  wheat  ration  produced  an  average 
of  .1911  eggs  per  hen  day,  the  corn  ration  .2067  eggs  per 
hen  day  ;  or,  in  other  words,  100  hens  would  have  laid  on 
the  wheat  ration  about  19i/io  eggs  and  on  the  corn  ration 
20%  eggs  per  day.  The  average  food  cost  per  egg  pro- 
duced Avas  for  the  wheat  ration  .611  cents,  for  the  corn 
ration  .505  cents  for  the  first  period  ;  while  for  the  second 
period  the  cost  per  egg  on  the  wheat  ration  was  1.657  cents, 
and  on  the  corn  ration  1.315  cents.  The  gross  cost  of  the 
food  on  the  wheat  ration  varied  from  about  .24  to  .30  cents 
per  day  for  each  fowl,  while  on  the  corn  ration  the  cost 
varied  from  about  .17i/'2  to  about  .26  cents  per  day.  The 
yield  of  eggs  during  the  second  period  was  very  small.  The 
small  average  product  is  to  be  attributed  largely  to  the  fact 
that  the  period  was  continued  beyond  the  date  when  the  hens 
began  to  molt.  The  20  hens  on  the  wheat  ration  laid  only 
82  eggs  during  the  last  two  months  of  the  experiment,  while 
those  on  the  corn  ration  laid  only  158  eggs  during  the  same 
time. 

2.  In  the  experiment  comparing  wheat  with  corn,  with 
milk  albumin  as  the  source  of  animal  food  and  with  corn  oil 
added  as  a  source  of  fat,  the  egg  product  was  as  follows  :  for 
the  first  period,  February  3  to  May  17,  the  wheat  ration  pro- 
duced eggs  at  the  average  rate  of  .4(j3  eggs  per  hen  day,  the 
corn  ration  .4324  eggs  per  hen  day  ;  or,  in  other  words,  100 
hens  would  have  laid  on  the  wheat  ration  practically  461-^ 
eggs  per  day,  and  on  the  corn  ration  43^  eggs  per  dny. 
For  the  second  period  the  wheat  ration  gave  an  average  of 
.3109  eggs  per  hen  day,  the  corn  ration  .3017  eggs  per  hen 
day ;  or,  in  other  words,  respectively  for  the  wheat  ration 
an  average  of  31  eggs  per  100  hens  daily,  and  for  the  corn 
an  average  of  30%  eggs.  The  food  cost  of  the  eggs  in  this 
experiment  was  as  follows  :  for  the  wheat  ration  during  the 
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first  period  .5471  cents  per  egg,  for  the  second  period  1.3406 
cents  ;  for  the  corn  ration  tlie  figures  Averc  for  tlie  first  period 
.3932  cents  per  egg,  and  for  tlie  second  .918  cents.  Tlie 
cost  of  feedino^  the  hens  was:  for  the 'wheat  ration  durinof 
the  first  period  at  the  rate  of  .227  cents  per  day,  for  the 
second  period,  .39  cents ;  for  the  corn  ration  the  cost  of 
food  for  the  first  period  was  .155  cents  per  hen  daily,  for 
the  second  period  .263  cents.  The  egg  yield  in  this  as  in 
the  other  experiment  is  very  low  for  the  second  period.  Tlie 
causes  are  similar  to  those  which  have  been  pointed  out 
under  1. 

3.  In  the  experiment  comparing  wheat  with  rice,  and  with 
milk  albumin  as  the  source  of  animal  food,  the  results  have 
been  as  follows  :  for  the  first  period  the  egg  production  was  : 
for  the  wheat  ration  .3813  per  hen  day,  for  the  rice  ration 
.4077  ;  or,  in  other  words,  from  100  hens  daily  respectively 
about  38%  and  40%  eggs  per  day.  For  the  second  period 
the  averages  were  on  the  wheat  ration  .2244  eggs  per  hen 
day,  and  on  the  rice  ration  ,3018  eggs  per  hen  day  ;  or  from 
100  hens  daily  respectively  nearly  221/'^  and  a  little  more 
than  30%  eggs  per  day.  The  food  cost  of  the  eggs  has 
been  as  follows  :  for  the  wheat  ration  for  the  first  period 
.6976  cents,  for  the  second  period  1.59  cents;  for  the  rice 
ration  for  the  first  period  1.1863  cents,  for  the  second  period 
2.379  cents.  The  cost  of  keeping  the  hens  has  been  as  fol- 
lows :  for  the  wheat  ration  during  the  first  period  .2414 
cents  per  hen  daily,  for  the  second  period  .34  cents  ;  for  the 
rice  ration  for  the  first  period  .4442  cents  per  hen  daily,  and 
for  the  second  period  .7003  cents. 

The  ration  including  rice  this  year  as  last  has  given  one 
of  the  most  satisfactory  egg  products  obtained.  The  high 
cost  of  this  food  at  the  present  time  seems  to  preclude  its 
becoming  a  question  of  much  practical  importance  whether 
rice  is  well  or  ill  suited  as  a  food  for  egg  production.  We 
have  introduced  it  in  our  experiments  as  a  means  of  testing 
the  question  as  to  whether  fat  is  an  important  constituent  in 
the  food  for  laying  hens,  rice  being  lower  in  fat  than  any 
other  grain  we  can  obtain.  The  large  egg  product  where 
rice  is  prominent  among  the  foods  used  seems  to  indicate 
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that  fat  is  less  important  than  has  been  judged  as  the  result 
of  some  of  our  earlier  experiments.  Among  the  various 
grains,  cleaned  rice,  as  put  upon  our  markets,  contains  least 
fiber,  and  rice  is  known  to  be  the  most  digestible  of  all  the 
grains.  It  is  perhaps  these  pecularities  of  this  grain  which 
account  for  its  apparent  good  effect  on  the  egg  product. 

The  nutritive  ratios  in  the  food  combinations  used  in  the 
different  experiments  of  the  past  year  have  been  as  follows  :  — 

For  the  rations  where  wheat  is  compared  with  corn  with 
animal  meal  as  the  source  of  animal  food  :  for  the  wheat 
ration,  1  :  4. 40  ;  for  the  corn  ration,  1  :  6.42. 

For  the  experiment  in  which  wheat  is  compared  with  corn, 
milk  albumin  beings  the  source  of  animal  food  :  for  the  wheat 
ration,  1  :  4.43  ;  for  the  corn  ration,  1:6.18. 

In  the  experiment  in  which  wheat  and  rice  have  been 
compared  :  for  the  wheat  ration,  1  :  4.35  ;  for  the  rice  ration, 
1  :6.2. 

Our  experiments  throw  relatively  little  light  upon  the 
question  as  to  the  proper  nutritive  ratio  in  feeding  for  eggs. 
The  factors  aftecting  the  egg  yield  must  be  numerous,  and 
others  than  the  question  of  the  nutritive  ratio  in  the  foods 
given  to  the  fowls  must  often  determine  the  results.  The 
fact  that  we  have  the  most  satisfactory  egg  yield  obtained 
during  the  past  year  on  the  rice  ration,  with  a  nutritive  ratio 
of  1  :  6.20,  does  not  at  least  seem  to  support  the  opinion  that 
the  nutritive  ratio  in  feeding  for  eggs  should  be  narrow. 
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EEPORT   OF   THE   HOKTICULTUKISTS. 


F.    A.    WAUGII;    GEO.    O.    GREENE,    ASSISTANT. 


The  work  of  this  division  has  followed  the  plans  outlined 
in  the  reports  of  1902  and  1903.  The  following  subjects 
are  ready  for  discussion,  and  reports  are  made  herewith :  — 

I.     Report  on  plums. 
II.     Experiments  in  pruning  peach  trees. 
III.     Growing  clirysantliemums  for  a  retail  trade. 

Keport  on  Plums. 
The  horticultural  department  has  a  fairly  large  collection 
of  plums.  A  number  of  these  are  represented  by  several 
trees  each,  enough  to  determine  their  commercial  quality. 
The  plum  crop  of  1904  was  unusually  good  ;  it  was  abundant 
in  quantity,  and  generally  of  good  quality.  This  was  true 
of  all  classes  of  plums,  practically  every  variety  on  the 
grounds  bearing  a  normal  crop.  This  furnished  an  excellent 
opportunity  for  making  observations  on  the  different  vari- 
eties. The  notes  follow  below.  It  has  been  thought  best 
to  omit  any  extended  description  of  these  varieties  for  the 
present.  This  form  of  report  is  justified  by  the  fact  that 
nearly  all  the  varieties  mentioned  are  old  and  well-known 
sorts.  The  notes  this  year  are  valuable  chiefly  in  showing 
the  behavior  of  these  well-known  varieties  in  this  particular 
locality.  The  problem  of  local  adaption  of  varieties  is  now- 
adays considered  to  be  one  of  the  most  important  in  horti- 
culture, and  in  no  class  of  fruits  or  vegetables  are  these  local 
adaptations  more  complicated  than  with  plums.  The  vari- 
eties below  are  classified  as  nearly  as  possible  into  the  more 
commonly  accepted  pomological  groups. 
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DOMESTICAS. 

Agen  {Prune  cVAgen).  — Tree  unhealthy  and  a  poor  grower, 
moderately  productive,  an  irregular  cropper;  fruit  very  good, 
but  not  so  bright  nor  large  as  in  some  localities. 

Bradshaw.  —  This  is  one  of  the  best  plums  of  its  class,  and, 
indeed,  one  of  the  best  market  and  home-use  plums  of  any 
class  on  our  grounds.  We  have  about  twenty  young  trees  in 
bearing  which  gave  a  good  crop  in  1904.  The  tree  is  a  strong 
somewhat  upright  grower,  does  not  come  early  into  bearing, 
but  bears  well  after  reaching  an  age  of  eight  to  ten  years.  The 
fruit  buds  do  not  seem  to  be  tender  here,  as  they  are  in  some 
localities.  The  fruit  is  large,  smooth,  bright  and  of  excellent 
quality. 

Bryanstone.  —  Tree  an  irregular  and  slow  grower,  late  and 
irregular  in  bearing ;  not  reliable.  Fruit  small  to  medium  in 
size ;  of  good  quality. 

Clyman.  —  Eepresented  only  by  a  single  specimen,  wliich 
bears  sparsely  and  does  not  seem  to  be  of  any  value. 

Dame  Aubert  {Yellow  Egg^  Magnum  Bonum).  — Tree  rather 
upright  in  growth,  fairly  strong  and  hardy,  but  does  not  bear 
heavily.     Fruit  large  and  fine,  but  very  subject  to  rot. 

Damsons.  —  Several  varieties  of  Damsons  are  included  in  our 
collection,  among  which  the  French  Damson  seems  to  be  the 
best;  this  bears  fairly  well,  but  by  no  means  as  abundantly  as 
in  some  sections. 

Diamond.  —  A  fairly  strong,  healthy  tree,  coming  late  into 
bearing,  and  yielding  uncertain  crops  here. 

Englebert  {Prince  Englebert). — Tree  upright,  strong  and 
hardy;  does  not  come  early  into  bearing,  but  yields  good  crops 
after  reaching  ten  years  of  age.  Fruit  of  medium  size  and  fair 
quality. 

Fellenburg  {Italian  Prune).  —  Ti"ee  round-topped,  bushy, 
with  spreading  irregular  branches;  does  not  bear  until  eight  or 
ten  years  of  age,  and  then  not  very  heavily.  Fruit  of  good 
quality.  This  variety  does  not  rank  so  highly  as  a  market  plum 
as  in  western  New  York  or  Michigan. 

Field. — Tree  seems  to  be  not  very  strong  and  healthy,  but 
bears  fairly  well.  Fruit  of  excellent  quality.  This  is  a  promis- 
ing, medium  early  plum. 

Giant  Prune.  —  Our  trees  are  young  and  ])oor,  and  have 
borne  only  a  few  samples.  The  fruit  is  large  and  attractive. 
This  variety  is  worthy  of  further  test. 
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Gneii. — Tree  rutlicr  a  bushy  grower;  fairly  productive. 
Fruit  small,  sour;  not  of  the  best  quality. 

Hand.  —  Tree  a  large,  strong  grower;  shapely ;  notably  unpro- 
ductive. Fruit  large,  fine,  showy.  This  variety  is  certainly  not 
worth  planting,  the  objection  being  its  unproductive  character. 

Lincoln. — Tree  not  very  strong  or  sound,  and  fruit  not  of 
very  good  quality.  Not  to  be  recommended,  on  the  basis  of  our 
experience. 

McLauglilin.  — Tree  unhealthy  and  a  poor  grower;  not  bear- 
ing very  heavily.  Fruit  not  so  smooth  and  highly  colored  as 
in  some  sections,  but  still  of  very  fine  quality.  In  spite  of  its 
imperfections  of  tree,  this  variety  is  worth  growing  on  account 
of  its  high  quality;  it  would  not  be  profitable  in  a  market 
orchard. 

Moore's  Ai'ctic.  — Tree  vigorous,  upright,  strong,  hardy;  pro- 
ductive, and  coming  fairly  early  into  bearing.  Fruit  small; 
rather  poor  quality. 

Peter'' s  Yelloiv  Gage.  —  Tree  not  very  vigorous  or  hardy ;  a 
slow  grower.     Fruit  small,  and  not  very  good  for  this  variety. 

Pond.  —  Tree  large,  strong  grower ;  fairly  productive.  Fruit 
large  and  excellent,  but  very  much  subject  to  rot,  and  unprofit- 
able on  that  account. 

Quackenhos.  —  A  very  good,  medium-sized  tree,  fairly  pro- 
ductive. Fruit  medium  size ;  clean  and  fair  quality  for  one  of 
the  small  blue  plums.  This  is  probably  the  best  of  the  so-called 
blue  plums,  with  possibly  the  exception  of  Englebert. 

Reine  Claude.  —  Tree  an  irregular  grower ;  not  very  vigorous, 
and  only  moderately  productive.  Fruit  medium  size  and  quality 
for  this  variety;  considerably  subject  to  rot.  This  takes  the 
place  of  the  old-fashioned  Green  Gage,  being  a  larger,  better 
and  later  variety.  It  is  a  very  fine  plum  for  canning,  but  could 
not  be  profitably  grown  for  the  market  in  this  locality. 

Saratoga.  —  Our  single  tree  of  this  variety  is  small,  and  not 
very  productive;  unpromising. 

Smith'' s  Orleans.  —  Tree  moderate  size,  somewhat  irregular 
in  growth;  moderately  productive.  Fruit  not  so  large  or  fine 
as  it  should  be  in  this  variety. 

Tragedy.  — AVe  have  only  one  tree  of  this  variety,  just  coming 
into  bearing;  promising. 

Victoria.  —  Tree  moderately  large ;  irregular  in  growth ;  mod- 
erately productive.  Fruit  of  medium  size  and  excellent  quality ; 
somewhat  subject  to  rot. 

Washington.  — In  almost  all  respects  like  Hand,  which  see. 
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Japanese  Varieties, 

Abundance. — Tree  upright,  early  bearing;  very  much  sub- 
ject to  disease.  This  is  probably  one  of  the  poorest  trees  to 
be  found  amongst  the  Japanese  plums.  Fruit  of  good  size 
and  good  quality;  somewhat  subject  to  rot;  very  apt  to  be 
eaten  by  birds.  We  would  entirely  discard  this  variety  as  a 
commercial  plum,  on  the  basis  of  our  experience,  and  could 
not  recommend  it  highly  for  planting  for  home  use.  This 
experience  we  are  aware  is  different  from  that  of  some  other 
plum  growers  in  New  England. 

Burhanh. — Tree  vigorous,  spreading,  hardy;  comes  early 
into  bearing,  and  is  very  productive.  Fruit  medium  to  large, 
good  quality;  less  subject  to  rot  than  most  plums.  This  is  the 
most  profitable  and  productive  market  plum  on  our  grounds. 

Chabot.  —  Tree  upright,  vase  form ;  hardy,  prolific.  Fruit 
medium  size,  round  red;  fair  quality.  This  is  an  excellent 
market  plum,  medium  to  late  in  season. 

Georgeson. — Tree  spreading,  rather  large  growing,  vigorous 
and  hardy;  fairly  prolific.  Fruit  large,  yellow;  good  quality. 
This  is  an  excellent  canning  plum,  and  worth  growing  in  this 
section,  although  it  does  not  sell  well  in  the  markets  on  account 
of  its  yellow  color. 

Hale. — Tree  upright,  very  vigorous  grower;  somewhat  sub- 
ject to  winter-killing;  coming  rather  late  into  bearing,  never 
bearing  abundantly.  Fruit  medium  size,  round;  excellent 
quality.  According  to  our  experience,  this  variety  is  not  worth 
planting  in  this  section. 

October  Furple.  —  Tree  vigorous,  upright,  and  very  strong 
grower;  somewhat  subject  to  winter-killing;  coming  late  into 
bearing,  but  giving  moderate  crops  after  reaching  an  age  of 
seven  or  eiglit  years.  Fruit  medium  size,  rather  dull  color; 
good  quality.  The  variety  does  not  seem  to  be  of  any  special 
value  in  this  section. 

Paragon. — Somewhat  like  Chabot,  but  of  no  special  value. 

Red  June.  —  Tree  spreading,  vase  form ;  vigorous  and  rela- 
tively hardy.  The  fruit  buds  on  this  variety  are  less  hardy 
than  on  Burbank,  however,  sometimes  being  killed  Avliile  Bur- 
bank  survives.  Trees  bear  early  and  abundantly.  The  fruit 
is  one  of  the  first  to  come  into  tlio  market,  and,  though  of 
second  quality,  usually  brings  a  fair  price.  This  is  proved  to 
be  a  profitable  plum  with  us. 
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Satsuma.  —  Tree  upright,  spreading,  moderate  grower ;  not 
very  liardy,  bearing  rather  sparsely.  Fruit  usually  small  with 
us;  of  indifferent  quality.  Although  tliis  variety  succeeds  in 
other  localities  in  the  Connecticut  valley,  it  is  of  no  value  here. 

Hybrid  Varieties. 

Apple.  — Tree  very  vigorous,  sprawling  grower;  hardy,  com- 
ing fairly  early  into  bearing.  Fruit  medium  large,  round;  dark 
red  Avith  red  flesh.  On  our  grounds  this  variety  jjromises  to 
take  the  place  of  Satsuma,  to  which  it  seems  to  be  superior  in 
most  respects. 

Compass  Cherry. — An  interesting  hybrid  curiosity,  but  of 
no  value. 

Doris  (doubtfully  placed  among  hybrids).  — Tree  spreading, 
vigorous,  hardy.     Fruit  small,  watery;  of  no  value. 

Duke.  — Tree  medium  strong,  upright;  fruited  this  year  for 
the  first  time;  of  doubtful  promise. 

Gold  (of  Stark  Brothers). — Tree  small,  spreading,  irregular 
in  growth ;  hardy,  bearing  early,  but  never  abundantly  on  our 
grounds.  Fruit  round  oblate,  medium  size,  yellow,  watery; 
poor  quality,  ripening  very  unevenly;  much  subject  to  rot. 
This  variety  is  of  no  value  with  us,  and  our  trees  have  been 
mostly  grafted  to  other  sorts. 

Juicy.  —  Tree  strong  and  hardy.  Fruit  small,  yellow ;  of 
no  value. 

]yickso)i.  —  Tree  upright,  strong  grower;  rather  tardy  in 
coming  into  bearing,  and  never  bearing  heavy  crops ;  fruit  buds 
tender,  apt  to  be  frozen.  Fruit  of  medium  size,  variable  in 
quality;  ripening  very  irregularly.  This  variety  is  not  to  be 
recommended  here. 

Native  Varieties. 

There  are  on  the  grounds  several  native  varieties,  mostly 
Americanas,  ITortulanas  and  Chickasaws.  Some  of  these  do 
fairly  well,  but  none  of  them  have  conspicuous  merit  as  grown 
in  this  section. 

Marketing  Plums. 

The  very  excellent  crop  of  1904  gave  us  an  opportunity 
to  study  the  manner  in  which  plums  can  be  sent  to  market. 
For  the  most  part  the  crop  from  the  department  of  horti- 
culture of  the  Massachusetts  Agricultural  College  was  mar- 
keted in  three-pound  baskets,  such  as  are  used  for  grapes ; 
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when  these  were  shipped  by  freight  or  express,  they  were 
packed  in  crates  holding  approximately  one  bushel.  This 
style  of  package  proved  generally  satisfactor}^ ;  it  furnishes 
about  the  quantity  of  fruit  desired  by  most  purchasers. 

In  making  local  sales,  especially  of  plums  for  canning  pur- 
poses, a  larger  package  was  usually  more  satisfactor}^  The 
so-called  Jersey  peach  basket,  holding  sixteen  quarts  (one- 
half  bushel),  is  the  cheapest  and  most  convenient. 

In  some  cases,  where  fancy  plums  are  designed  for  the 
fruit  stand  trade,  they  may  be  put  up  in  t^uart  baskets,  such 
as  are  used  for  strawberries.     We  find  these  also  satisfactory. 

This  whole  matter  may  be  summarized  by  saying  that 
most  markets  are  not  fastidious  with  respect  to  the  form  of 
package  used  for  plums.  Any  small,  neat  basket  or  box 
will  answer,  if  the  fruit  is  of  good  quality  and  Avell  packed. 

Experiments  in  Pruning  Peach  Trees. 
The  department  of  horticulture  has  under  way  a  series  of 
experiments  and  special  studies  in  pruning  fruit  trees.  Re- 
ports on  various  phases  of  this  work  will  be  made  from  tune 
to  time  as  results  are  reached.  At  the  present  time  we  are 
able  to  make  a  report  of  progress  in  the  experiments  in 
pruning  peach  trees. 

1.      The  liesuhs  of  uVo  Pruning. 

One  row  of  trees  in  the  principal  peach  orchard  has  been 
left  entirely  without  pruning  from  the  first.  This  row  runs 
crosswise  of  the  variety  rows,  and  therefore  contains  trees 
of  all  the  varieties  in  the  orchard,  as  follows:  Oldmixon, 
Triumph,  Mountain  Rose,  Elberta,  Earh^  Crawford,  Late 
Crawford,  Crosby.     The  trees  are  nine  years  old. 

These  trees,  left  unpruned  for  nine  years,  are  plainly  dif- 
ferent from  adjacent  trees  of  the  same  varieties  which  have 
been  pruned.  Surprising  as  it  may  appear  on  first  state- 
ment, they  are  more  open-headed.  They  have  generally 
assumed  a  vase  form.  The  interior  wood  has  died  out,  leav- 
ing the  centres  open,  and  at  the  same  time  leaving  the  lower 
part  of  the  main  branches  bare.  The  fruiting  wood  is 
sparse,  Aveak  and  high  up  in  the  trees.     The  trees  are  very 
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much  less  thrifty  and  vigorous  than  tlio  i)rune(l  trees  of  the 
same  varieties.  This  lack  of  vigor  is  so  marked  that  some 
of  the  weak  trees  succumbed  more  or  less  completely  to  the 
severe  freezing  of  last  winter. 

The  trees  next  the  unpruned  specimens  have  been  headed 
back  two  or  three  times.     They  were  all  headed  back  mod- 
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Map  ov  Experimental  Orchard.  — A  shows  apple  trees  40  feet  apart;  the  circles 
show  peach  trees  impruncd;  the  half -circles  show  those  slightly  headed  bacl;;  the 
squares  indicate  trees  severely  headed  in ;  the  triangles  show  trees  cut  back  to  stubs ; 
the  blackened  figures  represent  trees  which  died  in  1904. 

erately  in  the  spring  of  1902  and  again  in  the  spring  of  1903, 
and  some  of  them  were  headed  back  again  in  the  spring  of 
1904.  The  trees  so  treated  are  thick-topped,  with  a  good 
deal  of  weak,  sappy  growth  on  the  inside, — a  condition 
which  is  manifestl}^  objectionable.     On  the  other  hand,  the 
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annual  gro^vth  has  been  much  more  vigorous,  and  the  health 
of  the  trees  has  been  much  better.  More  and  stronger  fruit 
buds  have  been  formed,  but  unfortunately,  the  successive 
freezes  of  the  last  tAvo  winters  have  killed  the  buds,  and  made 
a  comparison  of  fruit  crops  impossible.  The  main  branches 
of  the  headed-back  trees  are  shorter  and  stronger  than  those 
of  the  unpruned  trees,  and  are  obviously  better  able  to  sup- 
port a  large  crop  of  fruit. 

This  experiment,  which  was  begun  b}^  Prof.  S.  T.  May- 
nard,  and  which  has  been  continued  through  several  years, 
has  shown  conclusively  that  the  best  form  of  peach  tree  can- 
not be  secured  and  maintained  without  pruning. 

2.      The   Effect  of  Heading  Back. 

Each  spring,  in  the  years  1902,  1903  and  1904,  a  number 
of  trees  in  the  college  peach  orchards  were  headed  back. 
This  shortening-in  of  the  branches  varied  in  amount :  some- 
times only  one-third  of  the  })revious  year's  growth  was  cut 
aAvay,  sometimes  one-half  the  year's  growth  Avas  taken  off, 
sometimes  two-thirds  was  removed  ;  in  a  few  cases  the  trees 
were  pruned  clear  back  into  two  or  three  year  old  wood  ;  in 
the  majority  of  cases  the  heading-in  amounted  to  about  two- 
thirds  of  the  previous  year's  growth.  The  cutting  back  in 
1903  and  in  1904  was  more  severe  than  it  would  have  been 
had  not  the  prospective  fruit  crop  been  wiped  out  by 
freezing. 

In  nearly  all  cases  it  was  possible  to  compare  trees  thus 
headed  in  with  other  trees  of  the  same  varieties  not  so  treated. 
The  results  were  uniform  and  unequivocal.  The  trees 
headed  back  alwa3\s  made  a  more  healthy  and  vigorous  an- 
nual growth  than  the  trees  not  so  treated.  In  many  cases 
the  difference  was  remarkable,  the  growth  of  the  pruned  trees 
being  from  two  to  ten  times  as  much  as  the  unpruned  trees. 
More  and  larger  fruit  buds  formed  on  the  pruned  trees,  and 
the  shorter,  stockier  branches  seemed  better  prepared  to  suj:)- 
port  a  possible  fruit  crop.  The  foliage  on  the  pruned  trees 
Avas  notably  larger,  more  abundant  and  darker  green.  There 
was  some  tendency  to  the  formation  of  weak  shoots  on  the 
shaded  interior  branches. 
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The  conclusion  which  we  have  reached  from  this  experi- 
ment, continued  through  three  years,  is  that  the  heading 
back  of  peach  trees  in  early  spring  is  good  practice,  and  in 
all  cases  advisable.  In  this  pruning  from  one-third  to  two- 
thirds  of  the  wood  of  the  })revious  year  should  be  removed. 
In  determining  the  exact  amount  to  be  cut  away,  the  judg- 
ment of  the  fruit  grower  will  be  influenced  largely  by  the 
number  of  living  fruit  buds  in  the  one-year-old  wood.  If 
there  is  a  crop  in  prospect,  he  will  leave  enough  fruit  buds 
to  set  the  desired  quantity  of  fruit.  In  years  when,  from 
one  cause  or  another,  there  are  no  living  fruit  buds,  he  will 
take  advantage  of  the  circumstances  to  cut  back  with  com- 
parative severity.  Only  in  extraordinary  instances,  how- 
ever, will  he  remove  all  the  previous  year's  wood,  cutting 
back  into  two  or  three  year  old  branches. 

o.      Summer  Pruning. 

It  has  been  noted  above  that  trees  which  were  headed  back 
in  the  early  spring  pruning  showed  a  tendency  toward  the 
formation  of  many  weak  and  useless  shoots  on  the  interior 
of  the  head.  Experiments  in  summer  pruning  were  l)egun 
with  a  view  to  the  correction  of  this  tendency,  and  also  with 
a  view  to  stopping  the  really  inordinate  extension  of  the 
main  annual  shoots  of  the  current  year.  The  two  problems, 
however,  were  met  in  different  ways. 

The  formation  of  weak  sprouts  on  the  interior  of  the  tree 
is  due  chiefly  to  the  exclusion  of  light.  The  external  foliage 
of  the  tree  top  becomes  so  dense  that  the  interior  is  shut  off 
from  the  light  and  from  much  of  the  air.  To  improve  the 
situation  in  this  respect  we  have  gone  through  the  orchard 
once  or  twice  between  the  middle  of  June  and  the  middle 
of  Jul}',  removing  a  considerable  quantity  of  the  new  leafy 
shoots  on  the  outside  of  the  tree.  A  quantity  of  the  out- 
side shoots  and  foliaofe  was  thus  removed  sufficient  to  admit 
a  reasonable  amount  of  light  to  the  inside  of  the  tree  top. 
The  work  Avas  done  with  a  i)air  of  hand  pruning  shears,  or, 
when  the  branches  were  soft,  they  were  simply  torn  out 
with  the  bare  hands.  The  latter  method  is  preferable,  be- 
cause more  expeditious. 
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In  no  case  were  the  results  of  this  treatment  convincing. 
The  formation  of  strong  slioots  with  fruit  buds  on  the  in- 
terior branches  was  never  visibly  promoted.  The  outside 
branches  which  were  allowed  to  remain  seemed  to  profit 
somewhat  by  the  removal  of  their  crowding  neighbors,  and 
this  was  apparently  the  chief  benefit  derived  from  the  work. 
On  the  whole,  it  does  not  seem  to  us  that  this  practice  is  to 
be  greatly  recommended. 

To  correct  the  over-growth  of  outside  branches,  the  plan 
was  tried  of  cutting  back  the  young  growth.  The  tips  were 
pinched  or  the  shoots  were  pruned  with  hand  pruning  shears. 
Sometimes  a  foot  or  so  of  new  growth  was  removed.  The 
pruning  was  done  at  various  seasons,  usually  some  time  in 
July. 

In  all  cases  this  treatment  was  unsatisfactory.  The  stop- 
ping of  the  growing  shoots  is  often  —  almost  as  a  rule  — 
followed  by  the  pushing  of  side  buds,  and  the  shoots  thus 
formed  are  nearly  always  too  weak  to  set  fruit  buds,  yet  in 
putting  out  they  ruin  what  might  otherwise  become  strong, 
sound  fruit  buds. 

4.     Pruning  to  renew  Frozen  Tree^. 

As  the  spring  of  1903  drew  on,  it  was  plain  that  more 
or  less  injury  had  been  suffered  by  the  trees  in  our  peach 
orchards.  In  the  spring  of  1904  the  damage  was  still  more 
obvious  and  widespread.  In  both  years  some  experiments 
were  made  to  learn  the  best  manner  of  handling  a  winter- 
injured  tree. 

The  damage  in  the  spring  of  1903  proved  to  be  small, 
and  measures  designed  to  have  a  corrective  effect  therefore 
showed  meager  results.  All  the  trees  came  off  about  equally 
well,  no  matter  how  treated.  Some  were  lightly  headed  in, 
some  were  severely  headed  in,  while  a  few  wore  cut  back 
nearly  to  the  main  trunk,  leaving  only  the  stubs  of  the  main 
branches.  In  every  case  not  otherwise  to  be  accounted  for 
the  tree  recovered  and  made  excellent  growth. 

In  the  spring  of  1904  the  trees  were  seriously  weakened 
by  freezing,  and  some  were  killed  outright,  so  as  to  be 
beyond  the  reach  of  any  remedial  treatment.  It  should  be 
said,  however,  that  the  damage  proved  to  be  less  sweeping 


1905.] 


PUBLIC   DOCUMENT  — No.   38. 


1G7 


than  was  feared  at  the  time  the  j^ear's  experiments  were  out- 
lined. It  was  decided  to  lay  off  the  orchard  where  this 
experiment  was  to  be  made  into  four  blocks,  to  be  given 
difterent  kinds  of  treatment,  as  follows  ;  (1)  the  first  block 
was  to  be  left  entirely  Avithout  pruning ;  (2)  the  second 
block  was  to  be  pruned  in  midsummer,  after  the  trees  had 
started  ;  (3)  the  third  bk)ck  was  to  be  cut  back,  from  two- 
thirds  to  three-fourths  of  the  previous  year's  growth  being 
removed  ;  (4)  the  fourth  block  was  to  be  headed  back  near 
to  the  trunks,  only  tlie  stubs  of  the  main  branches  being  left. 
A  certain  percentage  of  these  trees  died  during  the  year 
of  1004. 
table  :  — 

Stdlist ic((l  Smmn ary 


The  general  result  can  be  seen  in  the  following 


Total 
Number 
pruned. 

Living, 
Autumn 
of  1904. 

Dead, 
Autumn 
of  1904. 

Per  C;ent. 
Living. 

Trees  unpruued, 

Moderately  cut  back 

Severely  cut  back, 

"Dehorned,"     ...... 

121 

48 
68 
46 

113 

47y2 

55 
24 

8 
13 

93 
99 

81 
52 

It  will  be  seen  that  the  trees  cut  back  to  the  trunks  ("  de- 
horned ")  suflered  the  worst ;  those  severely  cut  back  lost 
a  larger  percentage  than  those  unpruned.  A  careful  exam- 
ination of  the  orchard  itself  makes  it  seem  that  the  difference 
between  blocks  2  and  3  in  this  respect  is  considerably  ex- 
aggerated by  the  statistics.  Some  of  the  deaths  in  block 
3  were  apparently  due  to  other  causes,  and  should  not  be 
charged  up  against  the  pruning.  Moreover,  the  growth 
made  by  the  headed-in  trees  which  lived  was  decidedly  bet- 
ter than  that  made  by  the  unpruned  trees.  The  judgment 
of  all  those  who  saw  the  orcliard  and  examined  it  carefully 
during  the  latter  part  of  the  summer  of  1904  was  that  the 
trees  moderately  cut  back  showed  the  best  growth  and  were 
in  the  best  condition. 

It  at  least  seems  clear  that  the  trees  seriously  weakened 
by  freezing  should  not  be  cut  back  close  to  the  main 
trunks. 


KkS  hatch   experiment   station.         [Jan. 


Growing  Chrysanthemums  for  a  Retail  Trade. 

By  Francis  Canning. 

The  work  in  the  colleo;e  oreenhouses  has  to  a  certain  ex- 
tent  been  carried  along  on  the  lines  and  in  many  respects 
similar  to  that  of  a  country  florist's  establishment,  having  a 
local  trade.  The  many  problems  which  present  themselves 
under  such  conditions  have  been  the  subject  of  considerable 
experiment. 

A  florist's  establishment  in  a  country  town  is  managed  on 
a  very  different  basis  from  that  which  obtains  in  growing 
cut  flowers  for  the  wholesale  market,  where  two  or  three 
varieties  of  flowers  are  grown  in  quantity. 

To  meet  the  demands  of  a  local  trade  requires  the  handling 
of  a  large  variety  of  cut  flowers  and  plants,  not  necessarily 
large  in  quantity,  yet  sufficient  to  meet  the  demand  when 
any  particular  variety  is  in  season. 

One  of  the  principal  crops  a  florist  grows  under  such  con- 
ditions is  the  chrysanthenmm,  and  it  necessarily  follows  that 
he  must  be  familiar  with  the  i3arliest  and  latest  flowering 
varieties,  so  as  to  prolong  the  season  as  far  as  possible.  He 
must  also  ascertain  which  varieties  are  the  best  adapted  for 
pot  plants,  also  the  colors  which  suit  his  trade. 

The  chrysanthemum  having  a  short  season,  it  follows  that 
considerable  forethought  is  necessary  in  the  arrangement  of 
space  devoted  to  it ;  it  frecjuently  means  the  crowding  of 
some  other  crops  until  that  occupied  by  the  chrysanthemum 
becomes  available.  To  the  uninitiated  the  transformation  at 
the  close  of  the  chrysanthemum  season,  from  beds  filled  with 
blooming  plants  to  those  occupied  with  other  material,  seems 
remarkable  ;  yet  the  florist  has  long  prearranged  this  matter 
in  nis  mind.  At  this  stage  the  saving  of  the  necessary  stock 
plants  is  done.  In  this  connection  a  weeding  out  of  unde- 
sirable varieties,  or  varieties  that  do  not  reach  the  standard 
in  the  grower's  judgment,  is  accomplished.  Various  methods 
of  saving  the  stock  plants  are  practised  ;  but  we  have  found 
the  use  of  boxes  five  or  six  inches  in  depth,  with  provision 
for  drainage,  to  be  a  good  method.  It  is  better,  however, 
not  to  mix  several  varieties  in  one  box,  for  even  though 
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placed  separately,  the  creeping  steins  will  invade  each  other's 
territory,  and  result  in  mixing  the  vari(>ties  when  the  cut- 
tings are  taken.  The  boxes  should  be  afforded  a  reasonably 
good  place  in  a  cool  greenhouse,  where  the  sun  may  reach 
them,  so  they  do  not  have  a  soft,  spindly  growth,  a  condi- 
tion exceedingly  detrimental  to  future  success. 

Propagating  commences  in  February,  or  much  earlier 
when  any  special  variety  is  to  be  considerably  increased. 
After  two  batches  of  cuttings  have  been  rooted,  the  boxes 
containing  the  stock  plants  may  be  thrown  away,  depending 
upon  the  newly  propagated  plants  for  future  cuttings.  From 
the  earlier-rooted  cuttings  the  varieties  suitable  for  pot  plants 
are  selected,  and  are  potted  on  as  their  needs  demand.  For 
the  general  stock  for  benching,  or,  in  other  words,  for  the 
cut  flowers,  the  best  time  to  propagate  is  from  April  15  to 
May  1 ;  thus  suitable  provision  is  made  to  have  strong  plants 
in  two  and  one-half  or  three  inch  pots  by  the  time  the  season 
arrives  for  planting.  No  specific  date  in  this  connection  is 
observed,  some  florists  commencing  to  plant  in  May  and 
others  late  in  July  ;  but  when  the  propagating  has  taken 
place  at  the  previously  mentioned  date,  the  plants  will  be  in 
good  condition  from  the  15th  to  the  end  of  June. 

The  question  as  to  the  advantages  of  solid  beds  or  benches 
is  of  some  interest.  Our  experience  has  been  in  favor  of 
solid  beds.  We  are,  however,  favored  with  a  soil  of  a  por- 
ous character,  and  gravelly  subsoil,  which  for  solid  beds 
insures  a  good  drainage,  —  a  necessity  for  this  crop.  Wher- 
ever one  may  secure  similar  conditions,  it  would  seem  ad- 
visable to  adopt  this  method,  and  thus  avoid  the  expense  of 
building  benches  and  keeping  them  in  repair. 

The  young  plants  are  planted  in  rows  eight  inches  apart 
each  way,  allowing  two  or  three  shoots  to  form,  and  thus 
secure  the  same  number  of  blooms  from  each  plant. 

The  soil  used  for  benches  and  pot  plants  is  a  good,  turfy 
loam,  and  is  composted  the  previous  fall  or  in  the  early  spring 
of  the  same  year.  To  three  parts  of  soil  is  added  one  part 
of  well-rotted  manure,  with  bone  meal  to  the  amount  of  one 
quart  to  the  barrowful  of  compost.  To  avoid  fungous  dis- 
eases, keeping  the  plants  in  good  health  by  careful  culture 
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is  the  best  preventative.  For  disposing  of  the  ever-present 
aphis,  or  black  fly,  fumigation  with  tobacco  has  proved  the 
surest  and  cheapest  remedy.  Throughout  the  year  chrys- 
anthemums should  be  subjected  to  a  weekly  fumigation,  the 
prevention  of  insects  being  especially  desirable  in  their  suc- 
cessful management. 

About  forty  varieties  of  chrysanthemums  are  grown  in  the 
college  greenhouses,  many  of  them  represented  by  a  few 
plants  only,  to  ascertain  their  merits  for  such  a  trade  as  ours. 
This  method  of  becoming  acquainted  with  newer  varieties 
should  lie  adopted  by  all  progressive  florists.  The  fact  re- 
mains, however,  that  many  older  varieties  have  not  yet  been 
superseded.  Not  infrequently  the  size  of  bloom  has  been 
the  principal  point  in  favor  of  the  newer  introductions, 
sacrificing  in  some  instances  their  purity  of  color. 

The  following  varieties  have  proved  themselves  well 
adapted  for  a  local  trade,  being  easily  grown  and  naturally 
vigorous.  In  their  order  of  flowering  they  are  :  white, — 
Polly  Rose,  Ivory,  Alice  Byron,  Queen,  Timothy  Eaton, 
W.  H.  Chadwick,  Merry  Christmas  ;  pink,  —  Glory  of  the 
Pacific,  Pink  Ivory,  George  Carpenter,  Mrs.  Perrin,  IVIrs. 
C.  F.  Berwind,  Mrs.  S.  T.  Murdock,  Maud  Dean  ;  yellow, — 
Sinclair,  Robert  Halliday,  Colonel  Appleton,  Major  Bon- 
afibn,  W.  H.  Lincoln,  W.  H.  Reiman  ;  bronze,  —  Brutus, 
Sunrise,  Petaluma  ;  red,  —  Gettysburg,  Malcome  Lamond, 
Cullingfordii.  The  varieties  that  do  well  as  pot  plants  are  : 
Ivory,  Alice  Byron,  Pink  Ivory,  Mrs.  Perrin,  Mrs.  S.  T. 
Murdock,  Mrs.  C.  F.  Berwind,  Sinclair,  Major  Bonafibn, 
W.  H.  Lincoln,  Brutus,  Sunrise,  Cullingfordii. 

The  singles  and  pompons  should  not  be  overlooked.  They 
may  be  grown  in  pots  with  very  little  disbudding.  They 
have  a  wide  range  of  colors,  and  make  salable  pot  plants  ; 
the  white  ones  afford  good  material  for  designs,  etc.  Among 
the  best  may  be  mentioned  Snowdrop,  President,  Julia 
Lagravere,  Queen  of  England,  Mizpah,  Buttercup. 

A  great  aid  in  the  matter  of  testing  the  qualifications  of 
varieties  is  the  use  of  the  "  scale  for  judging"  adopted  by 
the  Chrysanthenmm  Society  of  America.  In  scaling  a  va- 
riety a  searching  investigation  is  made,  and  many  defects  are 
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apparent  not  ordinaril}'  observed.  In  the  work  of  the  class 
ill  tioriculture  in  the  Massachusetts  AoTicultiiral  Colle^-e 
special  emphasis  has  been  [)laced  upon  judging  chrysanthe- 
mums. Some  practice  will  soon  develop  a  rapid  and  correct 
estimate  of  the  merits  of  varieties,  and  should  i)rove  valuable 
to  the  average  florist. 

The  commercial  scale  is  as  follows  :  — 


Color, 

. 

.       20 

Substance,  . 

. 

16 

Form, 

. 

.       15 

Size,   . 

. 

10 

Fullness,     . 

10 

Stem, 

. 

15 

Total,  . 

100 

Foliage, 

15 

The  score 

upon  a  n 

umber  o 

f  varieties  follows  :  — 

M<ijor 

Bonaffon. 

The 

Queen. 

Color, 

18 

Color, 

15 

Form, 

12 

Form, 

10 

Fullness,     . 

10 

Fullness,     . 

6 

Stem, 

15 

Stem, 

15 

Foliage, 

.       15 

Foliage, 

10 

Substance,  . 

12 

Substance,  . 

8 

Size,   . 

10 

Size,   . 

Total,  . 

10 

Total,  . 

92 

74 

Black  Hawk. 

Colonel 

ApiJleton. 

Color, 

.       20 

Color, 

20 

Form, 

i 

Form, 

12 

Fullness,     . 

10 

Fullness, 

8 

Stem, 

7 

Stem, 

.       13 

Foliage, 

.       12 

Foliage, 

.       10 

Substance,  . 

8 

Substance,  . 

.       12 

Size,   . 

8 

.       72 

Size,   . 

Total,  . 

.       10 

Total,  . 

.       85 

These  sco 

res    may 

vary   fr 

om   those    awarded    the 

same 

varieties  by  the  Chrysanthemum  Society  of  America.     Our 
conditions  may  be  accountable  for  the  yariation. 

Some  varieties  present  features  especially  desirable  for  a 
retail  trade, — good  keeping  qualities,  oddities  in  shape  or 
color,  etc.  Those  presenting  desirable  features,  from  two 
or  three  years'  tests,  follow  :  — 
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Baer^  Mrs.  G.  F.  —  Known  as  Yellow  Jerome  Jones,  and 
presents  many  of  the  fine  characteristics  of  this  fine  variety. 

Berioind,  Mrs.  C  F.  —  Dark  pink,  with  silvery  reverse ; 
good  keeper;  a  desirable  kind. 

Black  Hawk.  —  Dark  crimson ;  one  of  the  handsomest  of  this 
color,  and  should  be  grown  where  there  is  any  demand  for  this 
color. 

Brutus.  —  Orange  red ;  very  dwarf  in  character ;  makes  good 
pot  plant  and  cut  flowers;  a  desirable  color,  and  satisfactory. 

Byron,  Miss  Alice.  —  One  of  the  best  whites;  makes  a  fine 
pot  plant,  and  good  for  cut  flowers. 

Carpenter,  George.  —  Medium  early,  dark  pink  flower;  there 
is  a  demand  for  this  variety  when  well  grown. 

Childs,  G.  H.  —  One  of  the  best  dark  reds  for  cut  flowers. 

Dean,  Maud. — One  of  the  best  pinks;  large  flower,  good 
shape ;  flne  for  Thanksgiving  trade. 

Golden  Trophy.  —  A  desirable  kind  for  pot  plants. 

Idavan.  —  Fine  solid  pink  flower,  shading  to  cream ;  a  few 
are  desirable. 

Inte7isity.  —  Red ;  a  good  pot  plant. 

Jones,  Mrs.  Jerome.  —  One  of  the  best  whites. 

Liberty.  —  A  good  late  yellow;  grown  cool,  will  last  till 
Christmas. 

Merry  Christmas.  —  A  correspondingly  late  white  variety. 

Millhrook.  — An  odd  salmon  pink;  a  few  pot,  plants  may  be 
serviceable. 

Murdock,  Mrs.  S.  T.  —  A  desirable  kind  for  cut  flowers  and 
plants;  shell  pink  in  color. 

Mutual  Friend.  —  A  good  white  variety. 

Petaluma.  —  An  odd  quilled-petalled  variety ;  bronze  or  brown 
in  color;  good  keeper. 

Philadelphia. — Lemon  yellow;  globular  flower;  good  for 
fancy  trade. 

Pitcher,  Miss  Georgiana.  —  A  good  old  robust  yellow  variety, 
easily  grown. 

Reiman,  W.  H. — Yellow  globular;  late,  good  for  Thanks- 
giving and  later. 

Rose,  Polly.  —  An  indispensable  early  variety. 

Sunderhruch,  H.  L. — An  early  yellow;  fine  large  flowers; 
good  for  pots. 

Many  other  [U'ominent  varieties  an^  beino-  tested,  a  second 
year  being-  desirable,  to  determine  their  value. 
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REPORT   OF   THE    DIRECTOR. 


WILLIAM   P.    BROOKS,    DIRECTOU. 


The  work  of  the  Hatch  Experiment  Station  during  the 
past  year  has  progressed  under  favorable  conditions.  The 
only  changes  in  the  station  staff  have  been  a  few  affecting 
minor  positions,  which  arc  elsewhere  referred  to.  There  has 
accordingly  been  no  interruption  in  the  lines  of  investigation 
which  have  been  in  progress. 

Besides  the  monthly  meteorological  bulletins,  during  the 
past  year  four  other  bulletins  have  been  issued  :  Nos.  103 
and  104  on  the  subject  of  fertilizers  and  the  results  of 
analyses  thereof;  No.  105  on  tomatoes  under  glass  and 
methods  of  pruning  tomatoes  ;  and  No.  106  on  condimental 
stock  and  poultry  foods. 

The  work  of  the  section  of  our  division  of  chemistry  bav- 
ins: to  do  with  fertilizers  shows  that  the  conditions  of  the 
fertilizer  trade  in  the  State  are  substantially  the  same  as 
during  recent  years.  The  manufacturers  and  dealers  still 
offer  an  enormous  number  of  different  brands  of  so-called 
complete  and  special  fertilizers  in  the  markets.  The  number 
of  samples  analyzed  during  the  past  year  is  511,  represent- 
ins:  313  distinct  brands.  There  can  be  no  doubt  that  the 
business  of  manufacturing  and  selling  fertilizers  might  easily 
be  greatly  simplified  ;  that  a  great  reduction  in  the  number 
of  brands  offered,  without  loss  in  any  direction,  is  possible; 
and  that  the  result  of  such  simplification  and  reduction  in 
the  number  of  brands  would  be  that  fertilizers  sufficiently 
varied  for  every  purpose  could  be  furnished  to  the  farmers 
at  lower  prices  than  those  at  present  prevailing. 

The  fertilizer  section  of  our  division  of  chemistry  has 
during  the  past  year  analyzed  the  usual  number  of  samples 
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of  miscellaneous  materials,  wood  ashes,  lime  ashes,  soils,  etc. 
Such  samples  as  are  sent  in  by  the  farmers  are  usually  ana- 
lyzed and  the  results  reported  without  charge. 

The  bulletin  on  tomatoes  under  glass  is  an  important  con- 
tribution to  knowledge  on  the  best  methods  of  handling  this 
crop,  which  is  coming  to  be  one  of  much  importance  in  this 
State.  Bulletin  No.  106,  on  condimental  stock  and  poultry 
foods,  presents  analyses  of  a  large  number  of  foods  coming 
under  these  classes.  It  discusses  the  utility  of  such  foods, 
and  their  cost  as  compared  with  the  more  common  food 
stuffs.  It  is  clearly  shown  that  their  cost  is  in  excess  of 
what  appears  to  be  a  perfectly  fair  estimate  of  their  value. 
The  bulletin  presents  a  brief  resume  of  the  results  of  experi- 
ments in  the  use  of  stock  and  poultry  foods,  which  tends  to 
show  that  the  claims  made  for  these  foods  are  not  justified 
by  facts.  The  results  of  an  experiment  in  the  department  of 
foods  and  feeding  are  presented  and  discussed,  the  conclusion 
being  that  the  food  under  trial  (Pratt's)  did  not  appear 
to  be  superior  in  any  way  to  a  like  mixture  of  corn  meal  and 
wheat  middlings,  while  the  cost  Avas  considerably  greater. 

In  the  division  of  foods  and  feeding,  under  Dr.  J.  B. 
Lindsey,  a  number  of  other  important  lines  of  investigation 
have  been  followed  during  the  year.  A  somewhat  full  state- 
ment of  the  results  in  a  numlier  of  these  will  be  found  in 
Dr.  Lindsey 's  report,  which  is  transmitted  herewith.  Among 
the  more  important  results  of  these  investigations  are  the 
following  points  :  Bibl)y's  dairy  cake,  a  food  which  has  been 
persistently  urged  u})on  the  attention  of  our  milk  producers, 
has  been  carefully  tested,  l)ut  has  been  found  to  be  less  satis- 
factory from  an  economical  point  of  view  than  some  of  the 
ordinary  food  stuifs. 

Eureka  corn  has  been  carefully  compared  with  Sibley's 
Pride  of  the  North  corn,  from  the  standpoint  both  of  })ro- 
duction  and  of  food  value.  It  is  found  that,  although  the 
Eureka  gives  a  much  heavier  yield,  the  excess  in  weight  is 
made  up  almost  exclusively  of  water.  The  food  value  of  the 
product  of  an  acre  of  Eureka  corn  is  not  equal  to  the  food 
value  of  the  much  smaller  acre  product  of  Sibley's  Pride  of 
the  North. 
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Wheat  bran  has  been  compared  with  corn  silage,  in  con- 
nection in  both  cases  with  some  of  the  more  nitrogenous 
concentrates,  as  food  for  milch  cows.  The  results  indi- 
cate that  silage  is  equally  as  satisfactory  as  the  bran,  and 
that  by  substitution  of  silage  for  the  bran  the  necessary 
outlay  for  purchased  foods  in  milk  production  can  be  greatly 
reduced. 

This  division  has  carried  out  an  interesting  investigation 
into  the  conditions  prevailing  in  milk  production  in  Amherst 
and  neighl)oring  towns.  It  is  found  that  the  conditions  are 
often  quite  unsanitary  ;  that  bacteria  are  frequently  exceed- 
ingly numerous  in  the  milk,  indicating  improper  methods  of 
handling ;  and  that  in  general  there  is  urgent  need  of  im- 
provement. In  the  judgment  of  Dr.  Lindsey,  the  results  of 
this  investigation  indicate  the  desirability  of  the  establish- 
ment of  some  regular  system  of  inspecting  dairies.  It  is 
believed  that  this  is  something  which  consumers  in  increas- 
ing numbers  will  be  likely  to  insist  upon  in  the  near  future. 

In  the  horticultural  division  the  only  investigation  suffi- 
ciently advanced  to  justify  report  is  that  undertaken,  and 
in  part  reported  upon  in  our  last  annual  report,  on  methods 
of  pruning  peach  trees  injured  by  winter-killing.  It  will  be 
remembered  that  four  systems  were  under  trial :  no  pruning, 
light  pruning,  moderate  pruning,  and  severe  pruning. 
Severe  pruning  consisted  in  removing  nearly  all  the  branches 
of  the  injured  tree.  The  observations  of  another  year  lead 
to  the  conclusion  that  this  system  cannot  be  recommended. 
A  more  moderate  pruning,  consisting  of  the  removal  of  from 
one-third  to  one-half  of  the  growth  of  the  previous  year, 
seems  to  have  given  results  which  are  on  the  whole  most 
satisfactory  ;  and  such  pruning  is  recommended  in  all  cases 
when  the  wood  has  been  injured  by  winter-killing.  If  only 
the  fruit  buds  have  been  destroyed  by  the  winter,  it  is 
recommended  to  prune  back  the  previous  season's  growth 
severely,  leaving  only  two  or  three  buds. 

In  the  entomological  division,  experiments  are  in  prog- 
ress with  a  view  to  determining  the  definite  strength  of 
hydrocyanic  acid  gas  which  can  be  used  with  safety  on 
plants  in  greenhouses  under  varying  conditions  of  growth. 


8  HATCH   EXPERIMENT    STATION.  [Jan. 

In  the  report  of  the  division  of  botany  and  vegetable 
pathology  will  be  found  a  discussion  of  the  general  condi- 
tions as  aftecting  plant  diseases  during  the  past  year ;  refer- 
ences to  the  somewhat  unusual  attack  of  the  potato  rot 
fungus  (Phf/topthora  infestans)  on  the  tomato  ;  and  a  dis- 
cussion of  the  causes  of  sun  scald  and  the  browning  of  the 
foliage  of  conifers  and  other  evergreens . 

The  report  of  the  vegetable  pathologist,  Dr.  George  E. 
Stone,  includes  also  a  suggestive  discussion  on  winter-kill- 
ing as  afiecting  trees  and  shrul)s,  as  a  result  of  the  excep- 
tionally cold  winters  1902-03  and  1903-04. 

The  great  importance  of  suitable  aeration  of  the  soil  for 
perfect  germination  of  certain  seeds  is  brought  out  by  an- 
other paper.  The  effects  of  sterilization  of  soils  respectively 
rich  and  low  in  organic  matter  on  germination  and  the 
growth  of  plants  have  been  investigated.  It  has  been  found 
that,  if  the  soil  is  rich  in  organic  matter,  sterilization  is 
favorable  both  to  germination  and  subsequent  growth  ;  but 
if  the  soil  contains  little  organic  matter,  such  treatment  is 
unfavorable. 

The  influence  of  treating  seeds  in  soil  decoctions  of  vary- 
ing strengths  has  been  carefully  studied,  and  it  is  shown 
that  such  decoctions  from  sterilized  soil  when  highly  diluted 
exercise  a  favorable  eft'ect  on  germination.  The  report  of 
Dr.  Stone  includes  also  the  presentation  and  discussion  of 
results  of  various  methods  of  seed  selection.  The  conclusion 
is  that,  for  seeds  adapted  to  that  method  of  handling,  ihe 
use  of  sieves  of  suitable  mesh  as  a  means  of  separating  the 
small  and  inferior  seeds  is  strongly  to  be  recommended. 
The  use  of  other  methods  of  separation  in  the  case  of  seeds 
which  cannot  be  successfully  handled  by  sifting  is  urged,  as 
being  of  much  importance. 

The  work  of  the  agricultural  division  during  the  past  year 
has  followed  the  usual  lines,  and  is  elsewhere  briefly  sum- 
marized. 

Among  the  different  bulletins  and  reports  which  have 
been  issued  by  the  station,  the  following  are  still  in  stock 
and  can  be  furnished  on  demand  :  — 


No. 

3. 

No. 

27. 

No. 

33. 

No. 

41. 

No. 

64. 

No. 

67. 

No. 

75. 

No. 

76. 

No. 

77. 

No. 

81. 
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Tuberculosis. 

Tuberculosis  iu  college  herd;  tuberculin  iu  diag- 
nosis ;  bovine  rabies ;  poisoning  by  nitrate  of  soda. 

Glossary  of  fodder  terms. 

On  the  use  of  tuberculin  (translated  from  Dr.  Bang). 

Analyses  of  concentrated  feed  stuffs. 

Grass  thrips;  treatment  for  thrips  in  greenhouses. 

Fertilizer  analyses. 

The  imported  elm-leaf  beetle. 

Fertilizer  analyses. 

Fertilizer  analyses;  treatment  of  barnyard  manure 
with   absorbents;   trade  values   of  fertilizing   in- 
gredients. 
No.     82.     Orchard    management;    cover    crops    in    orchards; 
pruning  of  orchards;  report  on  fruits. 

Fertilizer  analyses. 

Fertilizer  analyses. 

Cucumbers  under  glass. 

Fertilizer  analyses ;  ash  analyses  of  plants ;  instruc- 
tions regarding  sampling  of  materials  to  be  for- 
warded for  analysis. 

Fertilizer  analyses. 

Fertilizer  analyses. 

Fertilizer  analyses ;  notes  on  barnyard  manure ;  trade 
values  of  fertilizing  ingredients. 

Fungicides;  insecticides;  spraying  calendar. 

A  farm  wood  lot. 

Inspection  of  concentrates. 

Dried  molasses  beet  pulp ;  the  nutrition  of  horses. 

Fertilizer  analyses;  market  values  of  fertilizing  in- 
gredients. 
No.  102.     Analyses   of    manurial    substances   and   fertilizers; 

market  values  of  fertilizing  ingredients. 
No.  103.     Analyses  of   manurial  substances;   instructions  re- 
garding sampling  of  materials  to  be  forwarded 
for  analysis;    instructions  to  manufactures,   im- 
porters,   agents   and  sellers  of  commercial  ferti- 
lizers;  discussion  of   trade  values  of   fertilizing 
ingredients. 
No.  104.     Analyses  of  manurial  substances  and  licensed  ferti- 
lizers ;  market  values  of  fertilizing  ingredients. 
No.  105.     Tomatoes  under  glass;  methods  of  pruning  tomatoes. 


No. 

83. 

No. 

84. 

No. 

87. 

No. 

89. 

No. 

90. 

No. 

92. 

No. 

95. 

No. 

96. 

No. 

97. 

No. 

98. 

No. 

99. 

No. 

100. 
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No.  109.     Condimental  stock  and  poultry  foods. 

Special  bulletin,  —  The  coccid  genera  Chionaspis  and  Hemichi- 

onaspis. 
Technical  bulletin,  No.  1,  —  Greenhouse  Aleyrodes;  strawberry 

Aleyrodes. 
Technical  bulletin.  No.  3,  —  The  graft  union. 
Index,  1888-95. 
Annual  reports,  1898,  1899,  1900,  1901,  1902,  1903,  1904,  1905, 

1906. 

Of  most  of  the  other  bulletins  a  few  copies  remain,  which 
can  be  supplied  only  to  complete  sets  for  libraries. 

The  co-operation  and  assistance  of  fiirmers,  fruit  growers 
and  horticulturists,  and  all  interested  directly  or  indirectly 
in  agriculture,  are  earnestly  requested.  Communications 
may  be  addressed  to  the  "  Hatch  Experiment  Station,  Am- 
herst, Mass." 
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an:n^ual  eeport 

Of  Geokge  F.  Mills,  Treasurer  of  the  Hatch  Expeuiment  Station 

OF   MaSSAOIHTSETTS    AoKICULTUKAL   CoLLECiE, 

For  the  Year  ending  June  30,  191) T). 


Casli  received  from  United  States  Treasurer, 

$15,000  00 

Casli  paid  for  salaries,           .         .         .         . 

$6,992  42 

for  labor,      .         .         .         .         . 

1,788  14 

for  publications,    .         .         .         . 

782  84 

for  postage  and  stationery,    . 

367  35 

for  freight  and  express. 

221  78 

for  heat,  light,  water  and  power,  . 

544  60 

for  chemical  supplies,   . 

106  39 

for  seeds,  plants  and  sundry  sup- 

plies,          

410  48 

for  fertilizers,        .         .         .         . 

738  11 

for  feeding  stuffs, 

379  78 

for  library,   .         .         .         .         . 

78  36 

for  tools,  implements  and  machin- 

ery,   

398  37 

for  furniture  and  fixtures. 

162  26 

for  scientific  apparatus. 

586  31 

for  live  stock. 

127  05 

for  travelling  expenses, 

158  46 

for  contingent  expenses, 

25  00 

for  building  and  repairs. 

.       1,132  30 

$15,000  00 

.  $13,625  00 

Cash  received  from  State  Treasurer,      . 

from  fertilizer  fees. 

.       4,365  00 

from  farm  products, 

.       1,512  95 

from  miscellaneous  sources, 

.       3,463  70 

Balance  June  30,  1904, 

.       3,383  55 

$26,350  20 
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Cash  paid  for  salaries, 

for  labor,      .... 

for  publications,    . 

for  postage  and  stationery,    . 

for  freight  and  express, 

for  heat,  light,  water  and  power, 

for  cliemical  supplies,    . 

for  seeds,  plants  and  simdry  sup 
plies,         .... 

for  fertilizers, 

for  feeding  stuffs, 

for  library,   .... 

for  tools,  implements  and  machin 
ery 

for  furniture  and  fixtures, 

for  scientific  appai'atus, 

for  live  stock, 

for  travelling  expenses, 

for  buildings  and  repairs. 
Balance,       ...... 


.  $13,678 

34 

.   2,337 

59 

651 

50 

308 

52 

136 

62 

.   1,021 

32 

615 

56 

- 

451 

51 

7 

39 

613 

28 

92 

08 

- 

17 

33 

174 

11 

735 

74 

172 

00 

.   1,400 

79 

198 

86 

.   3,737 

66 

$26,350  20 

I,  Charles  A.  Gleason,  duly  appointed  auditor  of  the  corporation,  do  hereby 
certify  that  I  have  examined  the  accounts  of  the  Hatch  Experiment  Station  of 
the  Massachusetts  Agricultural  College  for  the  tiscal  year  ended  June  30,  1%5 ; 
that  I  have  fomid  the  same  well  kept  and  classified  as  above ;  that  the  receipts 
for  the  year  from  the  Treasurer  of  the  United  States  are  shown  to  have  been 
.$15,000,  and  the  corresponding  disbursements  $15,000;  for  all  of  which  proper 
vouchers  ai'e  on  file  and  have  been  by  me  examined  and  fomid  correct,  thus 
leavmg  no  balance  of  the  $15,000;  and  that  $3,737.66  are  left  of  the  State  ajipro- 
priation  and  of  fimds  received  from  miscellaneous  sources. 


CHARLES  A.   GLEASON, 

Auditor. 


Amherst,  Aug.  7,  1905. 
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EEPOET   OF  THE  METEOROLOGIST. 


E.     OSTKANDEU. 


The  attention  of  this  division  during  the  year  has  been 
largel}^  confined  to  the  work  of  making  the  usual  observations 
of  the  various  weather  phenomena  and  a  proper  tabulation  of 
these  records,  together  with  such  computations  as  are  found 
necessary  for  the  purpose  of  comparison.  The  installation 
of  some  new  apparatus  has  required  some  changes  in  the 
manner  of  tabulation,  but  the  only  eft'ect  on  the  results  is  to 
render  them  more  accurate. 

At  the  beginning  of  each  month  the  usual  bulletin  of  four 
pages  has  been  issued,  giving  the  more  important  daily 
records  and  monthly  means,  together  with  a  summary  of  the 
results.  The  annual  summary  will  be  issued  as  a  part  of  the 
December  bulletin.  In  addition  to  issuing  the  bulletins,  a 
considerable  number  of  letters  have  been  required  to  answer 
specific  inquiries  regarding  rainfall,  temperature  and  other 
features  of  the  weather. 

This  station,  being  one  of  the  voluntary  observers'  stations 
of  the  United  States  Weather  Bureau,  has  furnished  the 
section  director  at  Boston  with  the  usual  monthly  reports, 
and  has  also  agreed  to  furnish  the  weekly  snow  reports 
during  the  winter.  A  phenological  record  has  also  been 
made,  and  a  copy  furnished  the  section  director  at  his 
request. 

The  local  forecast  official  at  Boston  has  furnished  this 
station  with  the  local  weather  predictions  daily  except  Sun- 
days, and  the  proper  signals  have  been  displayed  from  the 
flagstaff  on  the  tower.  It  was  found  necessary  to  shorten 
the  flagstafi'  a  few  feet,  but  this  has  not  resulted  in  making 
the  signals  less  noticeable. 
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Owing  to  the  unsatisfactory  records  made  by  some  of  the 
Draper  self-recording  instruments  in  the  tower,  it  was  decided 
to  secure  some  of  other  make  whose  records  would  be  more 
precise.  Accordingly,  a  triple  electric  register  for  recording 
sunshine,  rainfall  and  v/ind  velocity  was  purchased  from 
Julien  P.  Friez,  and  during  the  summer  vacation  the  wiring 
was  done  to  put  it  in  working  order.  The  sunshine  recorder 
was  mounted  on  top  of  the  tower  and  connected  by  wires  to 
the  register  in  the  tower.  Two  Edison  primary  batteries 
furnish  the  current  required  to  operate  the  register  at  inter- 
vals of  one  minute  while  the  sun  is  shining.  A  tipping- 
bucket  rain  gauge  on  the  campus  is  connected  to  the  register 
in  the  tower  by  more  than  a  thousand  feet  of  wire,  and  each 
one-hundredth  of  an  inch  of  rainfall  is  registered.  This 
furnishes  a  record  of  the  rate  of  precipitation  during  a  storm, 
as  well  as  the  total  amount.  The  record  is  also  checked  by 
measurement  in  a  standard  rain  gauge.  A  small  anemometer 
of  the  Weather  Bureau  pattern  was  mounted  on  top  of  the 
tower  in  place  of  the  Draper  rain  gauge,  which  was  taken 
down,  and  each  mile  of  wind  travelled  is  recorded  on  the 
register  below.  As  the  drum  on  which  all  the  above- 
mentioned  records  are  made  travels  at  a  rate  of  nearly  three 
miles  per  hour,  the  records  are  very  distinct,  and  variations 
in  rate  of  wind  movement,  as  well  as  in  the  rainfall,  are  easily 
noted.  A  set  of  maximum  and  minimum  thermometers  of  the 
Weather  Bureau  pattern"  was  purchased  during  the  year,  to 
replace  others  that  were  greatly  worn. 

The  assistant  observer,  Mr.  C.  H.  Chadwick,  was  advanced 
to  the  position  of  observer  in  June,  succeeding  Mr.  G.  W. 
Patch. 
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REPORT  OF  THE  AGRICULTURISTS. 


\VM.    1'.    BROOKS  ;    ASSISTANTS,    F.    K.    CHUKOII,    S.    B.    HASKELL. 


The  work  of  the  agricultural  department  for  the  past  year 
has  closely  followed  the  lines  of  recent  years.  The  leading 
object  of  our  work  is,  by  long-continued  comparative  ex- 
periments, to  throw  light  upon  some  of  the  many  problems 
connected  with  the  use  of  manures  and  fertilizers.  The 
results  of  a  single  year  may  be  of  value  as  a  guide  to  prac- 
tice, but  it  is  important  to  know  concerning  any  given  sys- 
tem, not  alone  the  immediate  effect  upon  the  crop,  but  the 
ultimate  effect  upon  the  soil  as  well.  This  is  made  manifest 
only  by  continued  manuring  along  definite  lines.  Thus,  by 
long-continued  comparison  of  different  materials  which  may 
be  used  respectively  as  sources  of  any  given  plant  food 
element,  we  may  hope  to  determine  their  real  and  aver- 
age relative  value,  and,  by  suitable  rotation  of  crops,  their 
relative  suitability  also  for  different  plants.  By  continued 
experiment  along  definite  lines  in  successive  years  we  may 
hope,  moreover,  to  discover  the  relation  of  season  to  the 
fertilizer  efficiency  of  the  different  fertilizer  materials  under 
comparison .  With  definite  knowledge  concerning  immediate 
effect  upon  the  crop,  ultimate  effect  upon  the  soil  and  difter- 
ences  in  eflect  due  to  variations  in  seasons,  we  shall  be  in  a 
position  to  give  advice  of  value  both  to  the  farmer  seeking 
to  produce  crops  at  lowest  cost  and  to  the  fertilizer  manu- 
facturer. The  work  carried  on  in  the  department  during 
the  past  season  has  involved  the  care  of  244  field  plots  in 
our  various  fertilizer  and  variety  tests,  150  closed  plots 
and  245  pots  in  vegetation  experiments.  The  work  in  the 
closed  plots  and  the  vegetation  expermients  serve  as  valuable 
checks  upon  the  accuracy  of  field  work,  and  enable  us  to 
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extend  the  scope  of  our  investigations.  Besides  the  care 
for  all  this  work,  we  have  a  grass  garden  including  48 
species  and  7  varieties,  most  of  which  occupy  one  square 
rod  each.  Our  work  with  poultry  has  followed  the  general 
lines  of  investigation  of  earlier  years,  the  })rincipal  subject 
under  investigation  being  the  relations  of  difterent  foods  and 
food  combinations  to  egg  production.  A  detailed  report  of 
results  obtained  will  be  at  this  time  presented  for  but  a 
small  number  of  the  experiments  in  progress. 

The  principal  subjects  of  inquiry  discussed,  and  the  more 
important  results,  very  briefly  stated,  are  as  follows  :  — 

I.  —  To  determine  the  relative  value  of  ]:)arnyard  manure, 
nitrate  of  soda,  sulfate  of  annnonia  and  dried  blood,  as 
sources  of  nitrogen.  The  crop  of  this  year  was  mixed  oats 
and  peas  for  hay  ;  and,  on  the  basis  of  yield,  the  nitrogen- 
furnishing  materials  rank  in  the  following  order  :  nitrate  of 
soda,  dried  blood,  sulfate  of  ammonia,  and  barnyard  manure. 
On  the  basis  of  increase,  as  compared  with  no-nitrogen 
plots,  taking  into  account  all  the  crops  grown  since  the  ex- 
periment began,  the  materials  rank  as  follows  :  nitrate  of 
soda,  100  per  cent.  ;  dried  blood,  68.72  per  cent.  ;  sulfate 
of  ammonia,  60.78  })er  cent.;  barnyard  manure,  80.58  per 
cent. 

II.  —  To  determine  the  relative  value  of  nuiriate  as  com- 
pared with  high-grade  sulfate  of  potash  for  field  cro})s.  The 
results  of  this  year  indicate  the  sulfate  to  be  superior  to  the 
muriate  for  clover,  for  rhubarb,  and  for  blackberries. 

III.  — To  determine  the  relative  value  of  difterent  potash 
salts  for  field  crops.  The  salts  under  comparison  are  high- 
grade  sulfate,  low-grade  sulfate,  kainite,  muriate,  nitrate, 
carbonate,  and  silicate.  The  crop  of  this  year  was  soy 
beans.  The  difterent  potash  salts  rank  in  the  following 
order :  carbonate,  high-grade  sulfate,  silicate,  nitrate,  muri- 
ate, low-grade  sulfate,  and  kaitiite.  The  cro})  where  the 
latter  salt  was  used  was  by  far  the  poorest  in  the  field,  being 
much  lower  than  the  crop  of  the  plots  to  which  no  potash 
has  been  applied  for  the  past  eight  years. 

IV.  —  To  determine  the  relative  value  in  crop  production 
of  a  fertilizer  mixture  rich  in  potash,  as  compared  with  one 
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representing  the  average  of  special  corn  fertilizers  purchas- 
able in  our  markets.  The  crop  of  this  year  was  hay,  — 
mixed  timothy,  red-top  and  clovers.  The  crops  were  sub- 
stantially equal ;  but,  as  the  cost  of  fertilizers  is  lower  where 
the  fertilizer  richer  in  i)otash  is  used,  the  advantage  is  with 
that  combination  of  materials. 

V.  —  To  determine  the  relative  value  in  corn  and  hay 
production  of  a  moderate  application  of  manure  alone,  as 
compared  with  a  smaller  application  of  manure  used  iu  com- 
bination with  HM)  pounds  of  high-grade  sulftite  of  potash 
per  acre.  The  crop  of  this  year  was  hay,  —  mixed  timothy, 
red-to[)  and  clovers.  The  larger  average  yield  Avas  pro- 
duced on  the  combination  of  manure  and  potash ;  and,  as 
this  combination  costs  $6.40  less  per  acre  than  the  larger 
quantity  of  manure  alone,  the  advantage  in  favor  of  the  com- 
bination is  decisive. 

VI.  —  To  determine  which  is  better  economy,  to  spread 
manure  as  hauled  from  the  stable  during  the  winter,  or  to 
place  in  a  large  heap  to  be  spread  in  spring.  This  experi- 
ment occupies  five  pairs  of  plots.  The  spring  application 
gave  the  better  yield  in  all  cases,  but  the  difference  was  not 
sufficiently  large  to  cover  the  larger  cost  of  the  extra  han- 
dling involved  in  the  case  of  the  manure  spread  in  the  spring. 
The  winter  of  1904-05,  however,  was  exceptionally  favor- 
able to  good  results  from  application  at  that  season,  as  there 
was  little  or  no  wash  over  the  surface. 

VII.  —  To  determine  the  economic  result  of  using  in  rota- 
tion on  grass  lands  :  the  first  year,  barnyard  manure,  8,000 
pounds  per  acre  ;  the  second  year,  wood  ashes,  1  ton  per 
acre ;  and  the  third  year,  bone  meal,  600,  and  muriate  of 
potash,  200,  pounds  per  acre.  The  average  yield  of  hay 
during  the  past  season,  all  tliree  systems  of  manuring  being 
represented,  on  a  total  area  of  aljout  9  acres,  is  at  the  rate 
of  about  4,840  pounds  of  hay  per  acre.  The  average  for  the 
thirteen  years  during  which  the  experiment  has  continued, 
1893-1905,  inclusive,  is  6,479  pounds. 

VIII. — To  determine  whether  the  application  of  nitrate 
of  soda  after  the  harvesting  of  the  first  crop  will  give  a  prof- 
itable increase  in  the  rowen  crop.     The  increases  produced 


18  HATCH   EXPERIMENT   STATION.  [Jan. 

in  the  four  pairs  of  plots  under  comparison  were  relatively 
small  except  in  one  instance.  Nitrate  applied  at  the  rate  of 
250  pounds  per  acre  gave  an  apparent  increase  of  nearly  1 
ton  of  rowen,  which  is  considerably  more  than  sufficient  to 
cover  the  cost  of  the  nitrate. 

IX.  —  To  test  the  relative  value  for  the  production  of 
garden  crops  of  fertilizers  supplying  respectively  nitrogen 
and  potash,  when  used  with  manure.  The  nitrogen  fer- 
tilizers compared  are  dried  blood,  nitrate  of  soda  and  sulfate 
of  annnonia.  The  use  of  the  nitrate  is  attended  with  the 
greatest  profit.  On  the  basis  of  total  crops  produced,  the 
relative  standing  of  the  different  nitrogen  fertilizers  is  :  for 
the  early  crops,  nitrate  of  soda,  100  per  cent.  ;  dried  blood, 
95.67  per  cent.  ;  sulfate  of  ammonia,  63.08  per  cent.  ;  for 
the  late  crops,  nitrate  of  soda,  100  per  cent.  ;  dried  blood, 
98.77  per  cent.  ;  sulfate  of  ammonia,  79.52  per  cent. 

The  potash  salts  under  comparison  are  high-grade  sulfate 
and  muriate.  For  the  fifteen  years  the  relative  standing  of 
these  fertilizers  is  :  for  the  early  crops,  sulfate  of  potash, 
100  per  cent.  ;  muriate  of  potash,  94.66  per  cent.  ;  for  the 
late  crops,  sulfate  of  potash,  97.9  per  cent.  ;  muriate  of 
potasli,  100  per  cent. 

X.  —  To  determine  whether  alfalfa  is  a  profitable  crop  in 
Massachusetts.  A  large  number  of  experiments  tried  during 
the  past  eight  or  ten  years  indicates  that  it  is  quite  doubtful 
whether  alfalfa  can  be  successfully  grown  under  our  climatic 
conditions. 

XI.  —  Comparison  of  difierent  feeds  and  feed  combinations 
furnishing  the  essential  nutrients  in  varying  proportions  for 
laying  hens.  The  results  indicate  corn  to  have  superior 
merit  among  the  different  grains  for  the  production  of  eggs, 
considered  from  the  standpoint  both  of  total  number  and 
economy  of  production.  Rice  is  somewhat  superior  in  num- 
ber of  eggs  produced  to  corn,  but  the  cost  is  so  great  as  to 
render  its  use  inexpedient. 
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I.  —  Manures  and  Fertilizers  furnishing  Nitrogen 

COMPARED.      (Field  A.) 
To  make  clear  the  plan  of  the  experiment,  which  is  con- 
tinuous, I  quote  from  the  seventeenth  annual  report :  — 

The  experiments  in  Field  A  have  two  principal  objects  in 
view:  first,  to  compare  the  efficiency  (us  measured  by  crop 
production)  of  a  few  standard  materials  which  may  be  used  on 
the  farm  as  sources  of  nitrogeu;  second,  to  determine  to  what 
extent  the  introduction  of  a  legume  will  render  the  application 
of  nitrogen  to  a  succeeding  crop  of  another  family  unneces- 
sary. The  field  includes  eleven  plots  of  one-tenth  acre  each. 
A  full  descri}^tion  of  the  plan  followed  will  be  found  in  the 
twelfth  annual  report  of  the  Hatch  Experiment  Station.  The 
materials  furnishing  nitrogen  under  comparison  are  barnyard 
manure,  nitrate  of  soda,  sulfate  of  ammonia  and  dried  blood. 
With  few  and  unimportant  exceptions,  each  plot  lias  been 
manured  in  the  same  way  since  1890.  All  the  plots  annually 
receive  equal  and  liberal  amounts  of  materials  supplying  phos- 
phoric acid  and  potash.  Three  plots  in  the  field  have  had  no 
nitrogen  applied  to  them  since  1884: ;  the  materials  under  com- 
parison on  the  other  plots  in  the  field  are  applied  in  such 
quantities  as  to  furnish  nitrogen  at  the  rate  of  45  pounds  per 
acre  to  each.  Barnyard  manure  is  applied  to  one  plot,  nitrate 
of  soda  to  two,  sulfate  of  ammonia  to  three  and  dried  blood  to 
two  plots.  The  potash  applied  to  these  plots  is  supplied  in  the 
form  of  muriate  to  six  plots,  namely,  1,  3,  6,  T,  8  and  9.  It  is 
supplied  in  the  form  of  low-grade  sulfate  to  four  plots,  namely, 
2,  4,  5  and  10. 

The  crops  grown  in  this  experiment  previous  to  this  year 
in  the  order  of  their  succession  have  been  :  oats,  r3^e,  soy 
beans,  oats,  soy  beans,  oats,  soy  beans,  oats,  oats,  clover, 
potatoes,  soy  beans,  potatoes,  soy  beans,  potatoes. 

The  condition  of  the  soil  of  this  field  during  the  last  year 
or  two  had  indicated  quite  clearly  that  it  would  be  benefited 
by  liming.  Freshly  water-slaked  lime  was  used.  It  was 
applied  by  the  use  of  Kemp's  manure  spreader,  adjusted 
with  a  view  to  applying  lime  as  closeh^  as  possible  at  the 
rate  of  1  ton  to  the  acre.     The  amount  actually  applied  to 


20 


HATCH   EXPERIMENT    STATION, 


[Jan. 


ll/lo  ficre  was  2,395  pounds,  so  that  the  Ume  was  used  in 
slightly  greater  quantity  than  intended.  The  work  of  the 
spreader  in  applying  lime  is  quite  satisfactory.  There  is  no 
difficulty  in  adjusting  it  to  apply  any  desired  amount  with 
substantial  accuracy.  Any  chance  that  the  amounts  applied 
to  the  different  plots  in  such  experiments  as  those  in  prog- 
ress on  Field  A  will  diiSer  is  avoided  by  driving  the  spreader 
in  applying  the  lime  the  full  length  of  the  field  across  the 
plots. 

The  crop  of  this  year  was  oats  and  peas.  The  lime  was 
applied  on  April  2i],  and  ploAved  in,  and  Canada  peas  at  the 
rate  of  11/4  bushels  per  acre  were  sown  on  April  28,  and 
deeply  harrowed  in.  On  April  29  the  fertilizers  were  ap- 
plied, and  harrowed  in.  The  oats  were  of  the  Clydesdale 
variety.  They  were  sown  at  the  rate  of  1  bushel  to  the  acre 
on  May  1,  and  harrowed  in.  No  accidental  conditions  likely 
to  interfere  with  the  experiment  were  noted,  although  the 
rank  growth  on  the  plots  receiving  nitrogen  in  the  most 
highly  available  form  (nitrate  of  soda  and  sulfate  of  am- 
monia) resulted  in  considerable  lodging,  which  no  doubt 
decreased  the  yield  on  those  plots. 

The  rates  of  yield  on  the  several  plots  and  the  source  of 
nitroofen  on  each  are  shown  in  the  following:  table  :  — 


Yield  of  Oats  and  Peas  jwr 

Acre. 

Plots. 

Nitrogen  Fertilizers  used. 

Hay 

(Pounds). 

0,  . 

1,  . 

2,  . 

3,  . 

4,  . 

5,  . 

6,  . 

7,  . 

8,  . 

9,  . 
10,  . 

Barnyard  manure 

Nitrate  of  soda  (muriate  of  potasli),  . 
Nitrate  of  soda  (sulfate  of  potash) ,    . 
Dried  blood  (muriate  of  potash), 
No  nitrogen  (sulfate  of  potash),  . 
Sulfate  of  ammonia  (sulfate  of  potash), 
Sulfate  of  ammonia  (muriate  of  potash). 
No  nitrogen  (muriate  of  potash), 
Sulfate  of  ammonia  (muriate  of  potash), 
No  nitrogen  (muriate  of  potash). 
Dried  blood  (sulfate  of  potash), 

4,950 
6,900 
7,000 
6,700 
4,350 
5,650 
6,600 
4,800 
6,900 
3,900 
6,500 
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It  will  be  noticed  that  the  yield  on  the  three  no-nitrogen 
plots  (4,7,9)  is  much  below  the  yield  obtained  on  any  of  the 
plots  where  fertilizers  supplying  nitrogen  were  used.  There 
was  a  fair  proportion  of  peas  in  the  crop,  but,  in  spite  of  the 
fact  that  i)eas  are  usually  al)le  to  take  a  considerable  pro- 
portion of  their  nitrogen  from  the  air,  it  is  very  clear  that  it 
will  be  unwise,  in  the  case  of  a  mixed  crop  including  a  legume 
and  a  non-legume,  to  depend  to  any  great  extent  upon  this 
atmospheric  source  of  supply.  The  average  yield  of  the 
three  no-nitrogen  plots  was  at  the  rate  of  4,350  pounds  of 
hay  per  acre.  The  average  yield  of  the  nitrogen  plots  was 
at  the  rate  of  6,400  pounds  per  acre.  Here  is  a  difference 
of  a  little  more  than  1  ton  per  acre,  which  is  far  more  than 
sufficient  to  cover  the  cost,  $7.85,  of  the  amounts  in  wliich 
such  fertilizer  was  used.  It  will  be  noticed,  further,  that 
the  yield  on  the  })lot  to  which  barnyard  manure  is  annually 
applied  is  nmch  below  that  on  even  the  poorest  plot  to  which 
a  nitrogen  fertilizer  was  applied.  The  manure  in  question 
was  put  on  at  the  time  of  preparing  the  soil  in  the  spring, 
and  evidently  the  nitrogen  it  contained  did  not  become  in 
large  degree  available  in  season  to  benefit  crops  making 
their  growth  so  early  in  the  growing  season  as  oats  and 
peas.  The  average  yields  of  this  year  on  the  several  fer- 
tilizers are  shown  in  the  following  table  :  — 


Fertilizers  used. 


Hay 
(Pounds). 


Average  of  the  no-nitrogen  plots  (4,  7,9),     . 
Average  of  the  nitrate  of  soda  plots  (1,  2),  . 
Average  of  the  dried-blood  plots  (3,  10) , 
Average  of  tlie  sulfate  of  ammonia  plots  (5,  (!,  8), 


4,350 
6,950 
6,600 
6,383 


As  the  result  of  experiments  previous  to  this  year,  it  has 
been  found  that  the  materials  furnishing  nitrogen  have  pro- 
duced crops  in  the  following  relative  amounts  :  — 

Per  Cent. 

Nitrate  of  soda, 100.00 


Barnyard  manure,  . 
Dried  blood,  . 
Sulfate  of  ammonia, 
No  nitrogen,  . 


96.02 
90.83 
88.62 
72.11 
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Similar  averages  for  this  year  are  as  follows  :  — 


Nitrate  of  soda, 
Dried  blood,   . 
Sulfate  of  ammonia. 
Barnyard  manure, 
No  nitrogen,  . 


Per  Cent. 
100.00 

94.96 
91.84 
71.22 
62.60 


Combining  the  results  showing  relative  standing  in  1905 
with  similar  figures  for  all  the  years  previous  to  1905,  the 


relative  standing  is  as  follows 

Nitrate  of  soda, 

Barnjard  manure,  . 

Dried  blood,   .... 

Sulfate  of  ammonia. 

No  niti'ogen,  .... 


Per  Cent. 

100.00 
94.47 
91.09 
88.83 
71.52 


The  figures  showing  relative  standing  of  the  different 
materials  furnishing  nitrogen  as  compared  with  the  no- 
nitrogen  plots  so  far  given  are  based  upon  the  total  yield. 
If  we  compare  the  different  materials  used  as  sources  of 
nitrogen  on  the  basis  of  increase  in  crop  rather  than  on  the 
basis  of  total  product,  they  rank  to  date  for  the  entire  period 
of  the  experiment,  1890  to  1905,  inclusive,  as  follows  :  — 

Relative  Increases  in  Yields  (Average  for  the  Sixteen  Years^. 

Per  Cent. 

Nitrate  of  soda, 100.00 

Barnyard  manure,             ......  80.58 

Dried  blood, 68.72 

Sulfate  of  ammonia,        ......  60.78 

Whatever  the  method  of  comparison,  the  superiority  of 
the  results  obtained  from  the  use  of  nitrate  of  soda  is  very 
apparent.  In  estimating  the  significance  of  the  figures,  the 
fact  must  not  be  lost  sight  of  that  the  four  different  materials, 
nitrate,  dried  l)lood,  sulfate  of  ammonia  and  barnyard  manure, 
are  applied  in  this  experiment  in  amounts  furnishing  precisely 
equal  (juantities  of  nitrogen  to  each  plot  where  they  are  used. 
At  current  [u-ices,  a  pound  of  nitrogen  can  be  purchased  at 
lower  cost  in  nitrate  of  soda  than  in  almost  any  other  ma- 
terial ;  and  the  advisability,  therefore,  of  depending  largely 
upon  the  nitrate  as  a  means  of  supplying  the  important 
element  niti'ogeu,  becomes  strikingly  evident. 
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II.  —  The  Relative  Value  of  Muriate  and  High-grade 
Sulfate  of  Potash.      (Field  B.) 

This  experiment,  which  has  been  in  progress  since  1892, 
was  designed  to  test  the  relative  vahie  of  muriate  and  high- 
grade  sulfate  of  potash  used  continuously  upon  the  same 
soil.  These  salts  since  1900  have  been  annually  applied  at 
the  rate  of  250  pounds  each  per  acre.  There  are  ten  plots 
in  the  field,  each  containing  about  Vr  of  a"  acre.  Five  of 
these  receive  muriate  of  potash,  and  these  plots  alternate 
with  the  same  number  of  plots  which  are  yearly  manured 
with  sulfate  of  potash.  Each  plot  in  the  field  is  manured 
annually  with  fine-ground  bone  at  the  rate  of  600  pounds 
per  acre.  The  crops  grown  in  this  field  this  year  have  in- 
cluded soy  beans,  celery,  asparagus,  rhubarb,  raspberries, 
blackberries  and  clovers.  The  yields  of  the  three  crops, 
asparagus,  raspberries  and  blackberries,  have  been  small, 
and  the  differences  in  the  results  on  the  diflerent  potash 
salts  did  not  appear  to  be  sufficient  to  be  of  much  signifi- 
cance. There  was,  however,  a  very  marked  difference  in 
the  extent  to  which  the  blackberry  bushes  on  the  two  potash 
salts  winter-killed.  Those  on  the  plot  which  has  annually 
received  an  application  of  sulfate  of  potash  were  killed  back 
much  less  seriously  than  the  bushes  on  the  muriate  of  potash 
plot.  There  was  a  marked  difterence  in  the  growth  of  the 
celery  on  the  two  potash  salts,  that  on  the  muriate  being 
much  better  than  that  on  the  sulfate.  This  fact  is  reported 
at  this  time  without  comment,  as  it  seems  to  the  writer 
probable  that  some  accidental  cause,  not  connected  directly 
with  the  system  of  manuring,  unfavorably  influenced  the 
growth  on  the  poorer  plot.  Six  plots  in  the  field  have  been 
in  clover  during  the  past  year.  All  of  these  plots  were 
sown  to  clover  in  the  late  summer  of  1904,  one  pair  of  plots 
each  (muriate  and  sulfate)  with  Alsike,  Medium  and  Mam- 
moth clovers.  The  clover  on  all  plots  germinated  well,  but 
early  showed  a  very  unhealthy  condition  on  the  plots  occu- 
pied both  by  the  Medium  and  Mammoth  red  clovers.  The 
young  plants  early  turned  yellow  and  gi-adually  disappeared. 
So  poor  was  the  condition  of  ,these  varieties  of  clover  this 
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spring  that  it  was  decided  to  plow  them  up.  The  unliealthy 
condition  is  thought  to  have  been  connected  with  a  deficiency 
of  lime  in  the  soil,  and  these  plots  accordingly  received  an 
application  of  freshly  slaked  lime  at  the  rate  of  about  1  ton 
to  the  acre.  They  were  then  plowed  and  reseeded  to  the 
same  varieties  of  clover.  The  crops  were  cut  on  August  11, 
but,  being  much  mixed  with  weeds,  as  was  to  be  expected 
in  the  case  of  spring-sown  clover,  the  product  was  not 
weighed.  The  Alsike  clover  upon  the  plots  sown  in  the 
summer  of  1904  gave  one  fair  crop. 

The  yield  on  the  muriate  was  at  the  rate  of  3,986  pounds 
per  acre ;  on  the  sulfate,  4,000  pounds.  These  figures  do 
not  accurately  indicate  the  relative  condition  of  the  clover, 
for  the  growth  on  both  plots  was  somewhat  mixed  with  other 
grasses,  which  were  much  more  abundant  on  the  muriate  of 
potash  than  on  the  sulfate,  where  the  clover  was  very  clearly 
much  superior  to  that  on  the  other  plot.  The  rhubarb  on 
both  pota,sh  salts  gave  a  heavy  growth.  The  rates  of  yield 
per  acre  were  as  follows  :  — 

Muriate  v.  High-grade  Sulfate  of  Potash  (^Rhubarb') .  —  Yields  per  Acre 

(^Pounds) . 


Fertilizers  used. 


Stalks. 


Muriate  of  potash, 
Sulfate  of  potash, 


•23,148 
23,729 


19,249 
20,344 


These  yields  are  much  heavier  than  last  year,  as  the 
rhubarb  is  now  more  fully  estal)lished,  and  the  diflerence  in 
favor  of  the  sulfate  of  potash  is  still  greater  than  previously. 

HI.  —  Comparison  of  Different  Potash  Salts  for 
Field  Crops.      (Field  G.) 

This  experiment  for  comparison  of  different  potash  salts  was 
begun  in  1898.  The  field  contains  forty  plots,  of  about  one- 
fortieth  of  an  acre  each.  The  plots  are  fertilized  in  five  series 
of  eight  plots  each,  each  series  including  a  no-potash  plot  and 
one  plot  for  each  of  tlie  potash  salts  under  comparison.  Those 
salts  are  kaiiiite,  liigh-gradc  sulfate,  low-grade  sulfate,  muriate, 
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nitrate,  carbonate  and  silicate.  Each  is  applied  annually  to  the 
same  plot,  and  all  are  used  in  such  amounts  as  to  furnish  equal 
potash  to  each  plot.  In  the  quantities  employed  the  different 
salts  supply  annually  actual  potash  at  the  rate  of  165  pounds 
per  acre.  All  plots  are  equally  manured  with  materials  furnish- 
ing fairly  liberal  amounts  of  nitrogen  and  phosphoric  acid." 

The  crops  grown  in  this  experiment  since  1898  in  order  of 
succession  up  to  the  present  year  have  been  :  — 

1898.  Medium  Green  soy  beans. 

1899.  Potatoes. 

1900.  Plots  1-8,  cal)bago;  9-24,  Medium  Green  soy  beans;  25-40, 

cow  peas. 

1901.  1-8,  wheat;   9-40,  corn. 

1902.  Clover. 

1903.  Clover. 

1904.  1-16,  cabbage ;  17-40,  corn. 

1905.  Soy  beans. 

The  results  with  the  crops  of  last  year,  cabbages  and  corn, 
were  rather  indecisive,  and  were  not  reported  in  detail. 
The  most  striking  observation  in  connection  with  the  results 
of  last  year  was  the  relatively  low  yields  on  the  silicate  of 
potash  and  the  relatively  high  yields  on  the  nitrate  and  car- 
bonate. The  crop  in  1905  was  the  Medium  Green  soy  bean. 
The  season  was  favorable  to  the  crop,  which,  with  one  ex- 
ception, to  be  presently  noted,  appeared  to  be  affected  by  no 
disturbing  accidental  conditions.  A  circular  area,  extending 
entirely  across  Plot  10  and  a  short  distance  into  both  plots 
9  and  11,  was  early  aftected  by  some  unknown  cause,  which 
within  a  relatively  short  time  resulted  in  the  death  of  the 
plants  growing  there.  It  is  estimated  that  the  total  number 
of  plants  in  Plot  10  thus  destroyed  was  from  one-quarter  to 
one-third  of  the  total  number  of  plants  in  the  plot.  The 
proportion  of  plants  destroyed  in  plots  9  and  11  was  rel- 
atively small. 

At  a  period  very  early  in  the  growth  of  the  crop  it  was 
noticed  that  the  leaves  on  all  the  plots  to  which  kainite  is 
applied  as  a  fertilizer  were  abnormal.     Practically  all  the 

*  Sixteenth  annual  report.  Hatch  Experiment  Station. 


26 


HATCH   EXPERIMENT   STATION. 


[Jan. 


leaves  on  plants  on  these  plots  early  became  very  much 
crinkled.  They  were  smaller  than  normal  leaves,  and  there 
were  numerous  areas  near  the  margins  of  some  of  the  leaves 
where  the  tissues  died.  This  appearance  w^as  repeated  with 
such  perfect  reguhirity  on  each  one  of  the  plots  (2,  10,  18, 
2(),  34)  to  which  kainite  was  applied  that  it  is  impossible 
to  doubt  that  the  effect  was  due  to  constituents  found  in 
this  fertilizer.  It  was  clearly  physiological  in  its  origin. 
Whether  due  to  the  large  amounts  of  chlorides  contained  in 
the  kainite  applied  to  thes,e  plots  we  are  not  at  present  cer- 
tain ;  but,  in  view  of  the  fact  that  potassium  chloride  has  in 
a  number  of  instances  been  shown  to  be  distinctly  inferior  as 
a  source  of  potash  for  soy  beans  in  comparison  with  other 
salts  in  our  experiments,  it  seems  probable  that  such  was  the 
case.  The  potash  salts  used  on  the  different  plots  and  the 
rates  of  yield  of  beans  per  acre  are  shown  in  the  following 

table  :  — 

Yields  per  Acre. 


Plots. 

Potash  Salt 

Beans 
(Bushels). 

Straw 
(Founds). 

1, 

No  potash,  . 

24.14 

2,120 

2, 

Kainite, 

18.  (!2 

1,210 

3, 

Higli-grade  sulfate, 

2C.'J0 

2,000 

4, 

Low-grade  sullate, 

25.17 

1,800 

r>, 

Muriate, 

22.41 

1,(U0 

6, 

Nitrate, 

24.14 

1,960 

7, 

Carbonate,  . 

32.41 

2,280 

8, 

Silicate, 

22.07 

1,540 

9i 

No  potasli,  . 

18.79 

1,400 

10, 

Kainite, 

11. .38 

1,600 

11. 

Iligli  grade  sulfate, 

21.04 

2,080 

1'^, 

Low-grade  sulfate, 

22.42 

2,280 

13, 

Muriate, 

22.07 

2,240 

!•», 

Nitrate, 

25.87 

2,800 

15, 

Carbonate,  . 

28.28 

2,700 

16, 

Silicate, 

2C.00 

2,740 

17, 

No  potasli,  . 

24.83 

2,380 

18, 

Kainite, 

17.24 

1,540 

19, 

lUgh-grade  sulfate. 

25.52 

1,940 

20, 

Low-grade  sulfate. 

24.14 

1,760 
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yiclfls  pC) 

•  Acre  - 

—  Concluded. 

Plots. 

Potash  Salt. 

Beans 
(Bushels) . 

Straw 
(Pounds). 

21, 

Muriate 

30.69 

1,820 

22, 

Nitrate, 

26.21 

2,160 

23, 

Carbonate,  . 

26.  !K) 

2,260 

24, 

Silicate, 

26.21 

2,080 

25, 

No  potasli,  , 

22.41 

1,780 

26, 

Kaiuite, 

19.31 

1,240 

27, 

High-grade  sulfate. 

31.72 

2,080 

28, 

Low-grade  sulfate. 

25.87 

1,760 

29, 

Muriate, 

24.48 

1,900 

30, 

Nitrate, 

15.86 

1,240 

31, 

Carbonate, 

26. .55 

1,900 

32, 

Silicate, 

23.19 

1,600 

33, 

No  potash,  . 

23.45 

1,800 

34, 

Kainitc, 

18.26 

1,160 

35, 

High-grade  sulfate, 

24.14 

1,820 

36, 

Low-grade  sulfate. 

16.21 

960 

37, 

Muriate, 

15.. 52 

1,040 

38, 

Nitrate, 

24.83 

2,020 

39, 

Carbonate,  . 

24.14 

2,240 

40, 

Silicate, 

28.62 

2,160 

The  influence  of  the  diflerent  potash  salts  is  somewhat 
more  clearly  brought  out  by  the  table  ])elow,  which  gives  the 
average  results  for  each  of  the  potash  salts  employed  :  — 


Soy  Beans.  — Average  Yield  per  Acre. 


Potash  Salt. 

Beans 
(Bushels). 

Straw 
(Pounds). 

No  potash  (plots  1,  9,  17,  25,  33) 

Kainite  (plot8  2,  10,  18,  26,  34), 

High-grade  sulfate  (plots  3, 11,  19,  27,  35), 
Low-grade  sulfate  (plots  4, 12,  20,  28,  36), 

Muriate  (plots  5,  13,  21,  29,  37) 

Nitrate  (plots  6,  14,  22,  30,  38) 

Carbonate  (plots7, 15,  23,  31,  39), 

Silicate  (plots  8, 16,  24,  32,  40) 

22.72 
16.96 
25.86 
22.76 
23.03 
23.38 
27.86 
25.40 

1,896 
1,350 
1,984 
1,712 
1,728 
2,036 
2,288 
2,024 
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It  will  be  noticed  that  the  average  rate  of  yield  on  all 
plots  to  which  potash  salts  are  applied,  with  the  exception 
of  those  where  kainite  is  the  source  of  potash,  is  greater 
than  on  the  no-potash  plots.  The  average  yield  on  the 
kainite,  on  the  other  hand,  is  much  below  the  average  on  the 
no-potash  plots.  Examination  of  the  longer  table  shows 
that  this  inferiorit}^  of  kainite  was  constant  for  each  of  the 
five  plots.  Such  examination  also  shows  that  the  variation 
in  relative  standing  of  the  plots  where  each  of  the  different 
potash  salts  was  used  is  fairly  constant  for  each.  The  most 
marked  exception  to  this  rule  is  found  in  the  case  of  plots 
30,  36  and  37,  where  the  yields  are  lower  than  on  other 
plots  receiving  the  same  potash  salts.  This  inferiority  on 
these  plots  appears  to  have  been  due  to  the  fact  that  the 
stand  of  plants  in  them  was  too  thin.  A  count  indicates 
that  the  average  num])er  of  plants  in  a  row  in  this  field  is 
alwut  120  ;  in  Plot  30  it  was  about  1)5  ;  in  plots  3()  and  37 
about  45.  The  potash  salt  giving  the  highest  yield  in  this 
experiment  is  the  carbonate,  followed  closely  by  the  high- 
grade  sulfate  and  silicate.  The  potash  salts,  other  than 
kainite,  containing  chlorine  (low-grade  sulfate  and  umriate), 
give  yields  considerably  lower.  As  neither  the  carbonate 
nor  the  silicate  of  potash  is  commonly  found  in  our  markets, 
these  having;  been  manufactured  in  the  first  instance  as  ferti- 
lizers  for  tobacco,  the  practical  lesson  to  be  drawn  from  the 
experiment  is  that  for  the  soy  bean  it  is  much  safer  to  depend 
upon  the  high-grade  sulfate  as  a  source  of  the  needed  potash 
than  to  use  any  of  the  potash  salts  containing  chlorine. 
Neither  the  carbonate  nor  the  silicate,  even  if  available, 
would  Ix!  preferable  to  the  high-grade  sulfate,  as  the  cost 
per  unit  of  potash  is  much  greater  than  with  sulfate.  The 
result  of  the  past  season  is  in  agreement  with  results  obtained 
with  this  crop  in  a  considerable  numlier  of  earlier  experi- 
ments, and  it  seems  impossible  to  doubt  the  validity  of  the 
conclusion  above  stated.  The  advice,  therefore,  is  most 
strongly  given,  that,  on  all  soils  at  least  with  good  retentive 
qualities  and  moisture,  the  sulfate  of  potash  should  generally 
be  preferred  to  muriate  or  kainite,  not  only  for  soy  beans,  but 
for  clovers  and  with  little  doubt  for  all  other  legumes  as  Avell. 
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IV.  —  Special  Fertilizer  v.  Fertilizer  Richer  in 

Potash. 

This  experiment  has  been  in  progress  since  1891.  It 
occupies  an  acre  of  ground,  divided  into  four  equal  plots. 
The  crop  from  1891  to  1896,  inclusive,  was  corn  ;  in  1897 
and  1898  the  crop  was  mixed  grass  and  clover ;  in  1899  and 
1900  it  was  corn;  in  1901  and  1902,  grass  and  clover;  in 
1903  and  1904,  corn.  The  land  was  seeded  in  the  corn  in 
late  summer,  1904.  The  crop  harvested  this  year  is  hay, — 
mixed  timothy,  red-top  and  clover.  The  object  in  this  ex- 
periment is  to  tost  the  question  whether  the  special  corn 
fertilizers  offered  in  our  markets  are  of  such  composition  as 
is  best  suited  for  the  production  in  rotation  of  corn  and 
mixed  hay.  The  plots  are  numbered  from  1  to  4.  Plots  1 
and  3  yearly  receive  an  application  of  fertilizers  furnishing 
the  same  amount  of  nitrogen,  phosphoric  acid  and  potash  as 
would  be  furnished  by  1,800  pounds  of  fertilizer  of  the  com- 
position of  the  average  of  the  special  corn  fertilizers  analyzed 
at  this  station.  This  average  has  changed  but  little  during 
recent  years,  and  in  1899,  since  which  date  we  have  made 
no  change  in  the  kinds  and  amounts  of  fertilizers  used,  was 
as  follows  :  — 

Per  Cent. 

2sitrog-en,  ........  2.87 

Phosphoric  acid,       .......        10.00 

Potash, 4.30 

The  fertilizers  used  on  plots  2  and  4  are  sul)stantially  the 
same  in  amount  and  kind  as  recommended  in  Bulletin  No.  58 
of  this  station  for  corn  on  soils  poor  in  organic  matter. 
The  essential  difference  in  composition  between  the  fertilizer 
mixtures  under  comparison  is  that  the  mixture  used  on 
plots  2  and  4  is  richer  in  potash  and  much  poorer  in  phos- 
phoric acid  than  the  mixture  representing  the  average  market 
corn  fertilizers.  The  fertilizers  applied  to  the  several  plots 
are  shown  below  :  — 
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Fertilizers  used. 

Plots  1  and  3 
(Pounds  Each). 

Plots  2  and  4 
(Pounds  Each). 

Nitrate  of  soda 

Dried  blood, 

Dry  ground  fisli 

Acid  pliospliate 

Muriate  of  potasli 

30.0 
30.0 
37.5 
273.0 
37.5 

50.0 

.50.0 
.50.0 
62.5 

The  following  tables  show  rates  of  yields  per  acre  of  both 
hay  and  rowen  on  the  several  plots,  and  the  averages  for  the 
two  systems  of  manuring  :  — 


Yields 

per 

Acre 

(^Pounds). 

Plots. 

Hay. 

Rowen. 

Plot  1  (lesser  potash),    . 

. 

3,S)60 

240 

Plot  2  (richer  in  potash) , 

3,000 

360    ' 

Plot  3  (lesser  potash) ,    . 

3,720 

400 

Plot  4  (richer  in  potash). 

3,720 

300 

Average  Yields  per  Acre  (Pounds) . 


Plots. 

Hay. 

Rowen. 

Plot  1  and  3  (lesser  potash), 

Plots  2  and  4  (richer  in  potash) 

3,840 
3,810 

320 
330 

It  will  be  noticed  that  the  yields  under  the  two  systems 
of  manuring,  both  in  hay  and  rowen,  are  substantially  equal. 
At  cuiTent  prices,  the  cost  per  acre  of  the  fertilizers  used  on 
plots  2  and  4  is  about  |5  less  than  the  cost  of  the  materials 
used  on  plots  1  and  3.  As  Ave  have  secured  equal  crops  at 
a  materially  lower  price,  the  advantage  is  clearl}^  with  the 
fertilizer  combination  richer  in  potash. 

V. — Manure  alone  v.  Manure  and  Potash, 
By  way  of  description   of  this  experiment,   I  cannot   do 
better  than  to  quote  from  the  seventeenth  annual  report :  — 

These  experiments,  which  have  for  their  object  to  show  tlie 
relative  value  as  indicated  by  crop  production  of  an  average 
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application  of  manure  used  alone,  as  compared  with  a  smaller 
application  of  manure  used  in  connection  with  a  potash  salt, 
were  begun  in  1890.  The  field  used  is  level,  and  the  soil  of 
comparatively  even  quality.  It  is  divided  into  four  quarter- 
acre  plots.  The  crop  grown  during  the  years  1800  to  1896, 
1899  and  1900,  1903  and  1901,  has  been  corn.  In  1897  and 
1898,  and  again  in  1901  and  1903,  the  crop  was  mixed  grass  and 
clover.  Where  manure  is  used  alone,  it  is  applied  at  the  rate 
of  6  cords  per  acre.  Where  manure  is  used  with  potash,  the 
rates  of  application  are:  manure,  4  cords;  high-grade  sulfate 
of  potash,  160  pounds  per  acre.  Manure  alone  is  applied  to 
plots  1  and  3;  the  lesser  quantity  of  manure  and  high-grade 
sulfate  of  potash  to  plots  2  and  4.  Estimating  the  manure 
alone  as  costing  15  per  cord,  applied  to  the  land,  the  money 
difference  in  the  cost  of  the  materials  applied  is  at  the  rate  of 
$6.40  per  acre,  the  manure  and  potash  costing  that  amount 
less  than  the  larger  quantity  of  manure  alone. 

Mixed  timothy,  red-top  and  clover  was  sown  in  late 
summer  in  the  standing  corn  of  last  year.  The  following 
tables  show  the  rates  of  yield  on  the  several  plots  and  the 
averages  under  the  two  systems  of  manuring  :  — 

Yields  per  Acre,  1905  {Pounds'). 


Plots. 


Hay. 


Rowen. 


Plot  1  (manure  alone),   . 
Plot  2  (manure  and  potash), 
Plot  3  (manure  alone),   . 
Plot  4  (manure  and  potash), 


6,720 

1,840 

5,820 

1,200 

6,120 

1,720 

8,580, 

1,640 

Average  Yields x)er  Acre  (Pounds). 


Plots. 

Hay. 

Rowen. 

Plots  1  and  3  (manure  alone) . 

Plots  2  and  4  (manure  and  potash) 

6,420 
7,200 

1,780 
1,420 

It  will  be  noticed  that  the  average  yield  on  the  two  plots 
receiving  the  smaller  quantity  of  manure  and  potash  is  some- 
what greater  than  on  the  other  two  plots.     Since  this  com- 
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bination  (4  cords  of  manure  and  160  pounds  muriate  of 
potash)  costs  IG.40  per  acre  less  than  the  6  cords  of  manure, 
the  advantage  is  decisively  in  favor  of  the  combination. 

VI. — Experiment  in  the  Application  of  Manure. 

This  experiment  was  begun  in  1899,  and  is  to  be  continued 
for  a  series  of  years.  It  is  designed  to  throw  light  upon  the 
question  as  to  whether  it  is  economically  good  policy  to 
spread  manure  during  the  late  fall  and  winter  and  allow  it  to 
remain  on  the  surface  until  spring  before  plowing  under. 
This  method  of  application  is  compared  with  the  plan  of 
hauling  manure  from  the  stable  to  the  field  during  the  winter 
and  putting  it  into  large  compact  heaps,  from  which  it  is 
hauled  and  spread  just  before  })lowing  in  spring.  The  field 
in  which  this  experiment  is  tried  slopes  moderately  to  the 
west.  In  further  description  I  quote  from  the  seventeenth 
annual  report :  — 

To  insure  even  quality  of  the  manure  used  in  the  two  systems, 
it  is  our  practice  to  manure  two  plots  at  one  time,  putting  the 
loads  of  manure  as  hauled  to  the  field  alternately  upon  the  two, 
in  the  one  case  spreading,  but  in  the  other  putting  a  sufiicient 
number  of  loads  to  provide  for  the  entire  plot  into  one  large 
heaj).  We  are  using  in  this  experiment  five  large  plots,  each 
of  which  is  subdivided  into  two  subplots.  For  one  of  these 
subplots  the  manure  is  spread  when  hauled  out,  for  the  other  it 
is  put  into  a  large  heap.  The  area  of  these  subplots  is  about 
one-quarter  of  an  acre,  and  to  each  the  amount  of  manure  ap- 
plied is  11,096  pounds.  The  manure  from  well-fed  milch  cows 
is  used  upon  eight  subplots,  and  horse  manure  on  two.  The 
manure  used  in  this  experiment  is  applied  at  different  dates 
during  the  winter,  our  practice  being  to  allow  the  manure  to 
accumulate  in  the  pits  from  which  it  is  taken  until  there  is  a 
sufficient  quantity  for  at  least  two  subplots.  The  condition  of 
the  soil  at  the  time  of  application  and  the  nature  of  the  weather 
which  follows  must  necessarily  differ  in  the  different  experi- 
ments; and  these  differences,  together  Avith  the  difference  in 
the  dates  of  iipplication  above  referred  to,  no  doubt  in  a  measure 
account  for  the  variation  in  the  results  of  the  two  systems 
noticed  on  the  different  plots. 
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The  crop  raised  in  this  field  last  year  was  mixed  com  and 
soy  beans  for  ensilage.  After  the  harvest  of  this  crop  the 
field  was  well  harrowed  and  sown  to  rye.  This  crop,  whi(;h 
was  intended  for  cover,  germinated  but  poorly  and  made 
only  a  feeble  growth.  The  crop  of  1905  was  corn, — a 
number  of  different  varieties  received  for  comparison  from 
the  United  States  Department  of  Agriculture,  and  Sibley's 
Pride  of  the  North  of  our  own  growing.  These  varieties 
were  so  arranged  that  each  plot  and  sul)plot  had  equal  areas 
of  each.  The  soil  was  thoroughly  prepared  by  plowing  and 
harrowing,  and  the  seed  Avas  sown  on  May  19.  Soil  and 
seasonal  conditions  were  favorable,  and  the  growth  was 
uninfluenced,  so  far  as  could  be  recognized,  by  accidental 
conditions.  A  number  of  varieties  sown  showed  relatively 
low"  productive  capacity,  and  the  final  yield  was  lower  than 
is  usual  in  this  section  on  well-manured  land  of  similar 
quality.  The  rates  of  yield  per  acre  and  the  relative  stand- 
ing of  the  several  plots  are  shown  in  the  following  tables  :  — 


Corn  and  Blover.  —  Actual  Yields  (^Rates  per  Acre). 


Plots. 

North  Half,  Winter 
Application. 

South  Half,  Spring 
Application. 

Stover 
(Pounds). 

Hard  Corn 
(Bushels). 

Soft  Corn 
(Bushels). 

Stover 
(Pounds) . 

Hard  Corn 
(Bushels) . 

Soft  Corn 
(Bushels). 

1,       .         .        . 

7,347 

31.51 

3.21 

7,862 

32.16 

2.45 

2         .         .         . 

7,150 

25.96 

2.99 

7,763 

32.08 

4.00 

3,       .         .         . 

6,806 

22.13 

4.36 

7,713 

27.25 

3.53 

4,       .        .        . 

7,447 

24.44 

3.06 

8,309 

29.20 

2.85 

5,       •        .        • 

7,637 

30.46 

2.34 

8,026 

32.48 

2.31 

Corn  and  Stover.  —  Relative  Yields  (Per  Cent.). 


Plots. 


1, 
2, 
3, 
4, 
5i 


North  Half,  Winter 
Application. 


Stover. 


100 
100 
100 
100 
100 


Hard  Corn. 


100 
100 
100 
100 
100 


South  Half,  Spring 
Application. 


Stover. 


107.0 
108.6 
113.3 
111.6 
105.1 


Hard  Corn. 


102.1 
123.6 
123.1 
119.5 
106.4 
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It  Avill  be  noticed  that  in  every  instance  spring  manuring 
lias  given  a  larger  yield  both  of  stover  and  of  hard  corn 
than  winter  application.  This  result  is  in  general  agree- 
ment with  those  of  earlier  years,  but  the  differences  as  indi- 
cated by  the  relative  yields  are  comparatively  small.  The 
winter  of  1904  and  1905  was  characterized  by  uniform 
temperatures,  fairly  deep  and  continuous  snow  cover  and 
absence  of  thaws.  Such  conditions  are  of  course  favorable 
to  winter  application,  and  the  above-mentioned  peculiarities 
of  season  perhaps  account  for  the  smaller  relative  differences 
in  yield  this  year. 

The  system  of  manuring  designated  as  spring  ap})lication 
involves,  as  will  have  T)een  noticed  by  the  reader,  twice 
handling,  while  in  winter  application  the  manure  is  handled 
but  once.  Spring  application,  therefore,  costs  more  than 
winter  application.  As  the  result  of  our  experience,  we 
estimate  the  money  difierence  to  amount  to  |4.80  })er  acre. 
The  average  difference  in  the  value  of  crops  this  ^^eai-  in 
favor  of  spring  application,  estimating  stover  to  be  worth 
$5  per  ton  and  the  corn  as  husked  50  cents  per  bushel, 
amounts  to  only  $o.49  per  acre, — a  sum  insufficient  to 
cover  the  increased  cost  of  spring  application.  Even  on 
Plot  3,  where  the  difference  in  tavor  of  spring  application  is 
greatest,  the  money  difference  in  value  of  the  crops  on  the 
same  basis  as  before  is  only  $4.81,  which  barely  covers  the 
increased  cost  of  application.  The  results  for  this  season, 
therefore,  economically  considered,  indicate  that  S})reading 
the  manure  as  taken  from  the  stable  in  the  fall  or  wdnter  is 
to  be  preferred. 

VII.  —  Experiment  in  manuring  Grass  Land. 
The  plan  of  this  experiment,  which  has  continued  now  for 
thirteen  years,  will  be  made  clear  by  quoting  from  the  six- 
teenth annual  report ;  — 

In  this  experiment,  which  has  continued  since  1803,  tlie  pur- 
pose is  to  test  a  system  of  using  manures  in  rotation  for  the 
production  of  grass.  The  area  used  in  the  experiment  is  about 
9  acres.  It  is  divided  into  three  approximately  equal  plots. 
The  plan  is  to  apply  to  each  plot  one  year  barnyard  manure, 
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the  next  year  Avood  ashes,  and  the  third  year  tine-ground  bono 
and  muriate  of  potash.  As  we  have  three. plots,  tlie  system  of 
manuring  luis  been  so  arranged  that  every  year  we  have  a  plot 
illustrating  the  results  of  each  of  the  applications  under  trial. 
The  rates  at  which  the  several  manures  are  employed  are  as 
follows:  barnyard  manure,  8  tons;  wood  ashes,  1  ton;  ground 
bone,  600  pounds;  and  muriate  of  potash,  200  pounds,  per 
acre.  The  manure  is  always  applied  in  the  fall ;  ashes  and  the 
bone  and  potash  in  early  spring. 

The  past  -ieasou  has  been  leather  unfavorable  for  the  pro- 
duction of  large  yields  of  hay,  as  there  was  a  considerable 
deficiency  in  both  spring  and  summer  rainfall.  The  yields 
of  hay  and  rowen  and  the  total  yields  for  each  system  of 
manuring  were  at  the  following  rates  per  acre  :  — 


Fertilizers  used. 

Barnyard  manure,  .... 
15oue  and  potash,  .... 
Wood  ashes, 


Hay 
(Pounds) . 


3,738 
3,3-26 
3,816 


Rowen 
(Pounds) . 


1,210 
1,249 
1,047 


TotaLs 
(Pounds) . 


4,048 
4,57.j 

4,863 


The  average  yield  of  the  entire  area  this  year  was  4,840 
pounds  per  acre.  The  average  yield  of  the  entire  area  from 
1893  to  1904,  inclusive,  has  been  6,718  pounds  per  acre. 
The.  average  3deld  from  1893  to  1905,  inclusive,  has  been 
(5,479  pounds  per  acre.  The  average  yields  under  the 
dijSerent  systems  of  top-dressing  have  been  as  follows  :  — 


When  top-dressed  with  manure, 
When  top-dressed  with  wood  ashes,    . 
"WTien  top-dressed  with  bone  and  potash, 


Pounds  per  Acre. 

.  6,866 
.  6,193 
.     6,524 


It  Avill  be  noticed  that  the  average  yields  of  the  entire 
area  for  this  year  are  much  below  similar  averages  for  the 
period . 

Vni.  —  Nitrate  or  Soda  for  Rowen. 
For  the  past  five  years  we  have  been  experimenting  in 
one  of  our  fields  for  the  purpose  of  determining  whether 
nitrate  of  soda  applied  soon  after  the  first  crop  is  cut  will 
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give  a  profitable  increase  in  llie  roAven  crop.  The  field  where 
this  experiment  has  been  tried  was  seeded  to  pure  timothy 
in  the  fall  of  1897.  The  growth  is  now  considerably  mixed 
with  clover,  which  has  been  gradually  coming  in.  The 
whole  field  is  uniformly  fertilized  for  the  first  crop.  The 
materials  applied  are  usually  put  on  in  early  spring  at  the 
following  rates  per  acre  :  nitrate  of  soda,  150  pounds  ;  muri- 
ate of  potash,  200  pounds  ;  fine-ground  bone,  400  pounds. 
This  application  usually  gives  us  a  good  cro[).  The  area 
of  the  field  is  a  little  more  than  3  acres.  The  rate  of  yield 
in  the  first  crop  this  year  was  4,471  pounds  of  w^ell-cured 
hay  per  acre.  In  this  field  eight  equal  plots,  containing 
almost  exactly  1/3  acre  each,  have  been  laid  out.  Alternate 
plots  in  the  series  of  eight  receive  annually  a  top-dressing 
of  nitrate  of  soda.  For  the  past  two  years,  in  order  that  the 
nitrate  may  be  more  uniformly  spread,  we  have  mixed  the 
quantity  to  be  applied  to  each  plot  with  sufficient  })asic  slag 
meal  to  constitute  an  application  at  the  rate  of  400  pounds 
per  acre.  To  equalize  conditions  on  the  alternate  plots  to 
which  no  nitrate  is  applied,  the  basic  slag  meal  is  a})plied  to 
all  of  these  at  the  same  rate.  The  rates  of  application  for 
the  fertilizers  on  the  several  plots  per  acre  and  the  yields 
are  shown  in  the  table  :  — 

Nilr<Ue  of  Soda  for  Rowen. 


Plots. 

Fertilizeks  used  (Rates  per  Acre). 

Yield 
(Pounds) . 

Increase 
per  Acre 
(Pounds) . 

1, 

2, 
3, 
4, 

5, 
6, 
7, 
8, 

Slag  meal,  400  pounds 

Slag   meal,  400   pounds;    nitrate   of    soda,  150 

pounds. 
Slag  meal,  400  pounds, 

Slag   meal,  400   pounds;    nitrate  of  soda,  150 

pounds. 
Slag  meal,  400  pounds, 

Slag   meal,  400   pounds;    nitrate  of   soda,  200 

Ijounds. 
Slag  meal,  400  pounds 

Slag   meal,  400   pounds;    nitrate   of   soda,   250 
pounds. 

975 
1,127 

822 
1,036 

640 
1,340 
1,067 
3,009 

228 

305 

486 

1,942 

It  will  be  noticed  that  the  nitrate  of  soda  wherever  applied 
has  given  an  increase  in  the  crop.  This  increase  is  relatively 
small  in  all  the  plots  except  Plot  8,  where  it  is  at  the  rate  of 
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nearly  1  ton  per  acre.  During  jill  the  year.s  that  this  experi- 
ment has  been  tried  on  this  hind  it  has  been  found  that  the 
yield  on  Plot  8  has  been  much  the  largest  in  the  fall.  True, 
this  receives  the  heaviest  application  of  nitrate,  but  it  is  hot 
believed  that  the  superiority  in  yield  is  entirely  due  to  this 
difference.  The  moisture  conditions  are  more  favorable  to 
grovrth  during  the  late  summer  in  this  plot  than  in  the 
others.  During  the  five  years  that  this  experiment  in  the 
use  of  nitrate  of  soda  for  the  rowen  crop  has  been  tried  on 
this  field,  it  has  seemed  to  give  increases  sufficient  to  make 
the  application  profitable  only  in  two  trials  ;  and,  on  the 
whole,  the  results  of  our  experiments  are  not  favorable  to 
the  conclusion  that  it  will  usually  be  found  profitable  to  use 
nitrate  of  soda  for  the  rowen  crop.  The  soil  in  this  field  is 
a  strong  and  retentive  loam.  It  is,  of  course,  quite  possible 
that  on  soils  of  different  character  the  results  of  the  use  of 
nitrate  for  rowen  will  be  more  favorable. 

IX. — Fertilizers  for  Garden  Crops.  (Field  C.) 
In  this  experiment  the  principal  object  in  view  is  to 
study  the  effect  of  some  of  the  standard  fertilizing  ma- 
terials upon  the  yield  and  quality  of  garden  crops.  During 
the  earlier  years  of  the  experiment,  1891  to  1897  inclusive, 
fertilizers  alone  were  applied  to  the  land.  It  was  then  de- 
cided that,  since  market  gardeners  as  a  rule  employ  large 
quantities  of  manure,  the  value  of  the  experiment  to  those 
engaged  in  that  branch  of  agriculture  would  be  increased  by 
applying  manure  equally  to  all  the  plots,  while  still  con- 
tinuing the  application  of  fertilizers.  During  the  earlier 
years  of  the  experiment  there  were  but  six  plots,  on  all  of 
which  fertilizers  were  used.  With  the  change  in  system 
alluded  to  a  seventh  plot  was  introduced,  and  to  all  of  the 
seven  plots  stable  manure  at  the  rate  of  30  tons  per  acre 
has  since  been  annually  applied.  It  is  intended  that  the 
seventh  plot,  on  which  manure  alone  is  applied,  shall  serve 
as  a  basis  of  comparison  with  the  others,  in  order  that  we 
may  learn  whether,  and,  if  so,  to  what  extent,  any  fertilizers 
prove  beneficial.  The  seventh  plot  immediately  adjoins  the 
others,  but  previous  to  its  inclusion  in  this  experiment  it 
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had  been  manured  somewhat  differently.  For  the  first  few 
years  the  product  on  manure  alone  on  this  plot  exceeded 
the  product  with  equal  manure  and  fertilizers  on  the  other 
plots.  This  initial  superiority  is  graduallj^  disappearing, 
and  the  product  of  most  of  the  crops  where  the  fertilizers  as 
well  as  manure  are  used  now^  exceeds  that  upon  the  seventh 
plot,  where  manure  only  is  used.  It  is  possible  that  the 
seventh  plot  does  not  even  yet  serve  as  a  fair  basis  for  com- 
parison ;  but  the  following  crops  on  most  of  the  plots,  where 
fertilizers  in  addition  to  manure  are  used,  have  given  yields 
sufficiently  greater  than  those  produced  where  manure  alone 
is  used  to  much  more  than  pay  for  the  cost  of  the  fertilizers, 
viz.  :  asparagus,  rhubarli,  peas,  squashes,  tomatoes  and 
table  beets.  It  should  be  pointed  out,  however,  that  such 
.increase  w^as  in  most  cases  very  small  where  sulfate  of  am- 
monia is  one  of  the  fertilizer  materials  used.  Indeed,  wnth 
asparagus  the  combination  of  manure  and  fertilizers  contain- 
ing sulfiite  of  ammonia  gave  a  smaller  yield  than  manure 
alone.  With  tomatoes  the  increased  yield  was  mainly  con- 
fined to  green  fruit.  The  fertilizers  did  not  materially  in- 
crease the  yield  of  ripe  fruit  as  compared  wdth  the  yield 
obtained  on  manure  alone.  Some  crops  showed  no  increase 
at  all  on  the  plots  where  fertilizers  were  added  to  the  manure. 
Among  these  were  celery  and  turnips,  while  cabl)ages  gave 
either  no  increase  at  all  or  one  which  was  insignificant. 

Practically  all  important  out-door  garden  crops  have  been 
grown  in  rotation  upon  each  plot,  and  each  cyo\)  during 
several  years.  The  crops  so  far  grown  are  as  follows : 
spinach,  lettuce,  onions,  garden  peas,  table  beets,  early 
and  late  cabbages,  potatoes,  tomatoes,  squashes,  cucuml)ers, 
turnips,  sweet  corn,  celery  and  strawberries.  One  row 
each  of  asparagus  and  rhubarb  was  set  in  each  plot  in  1902. 
The  first  cuttings  w^ere  made  last  year. 

As  stated  in  mv  last  annual  report,  these  "  experiments  have 
been  planned  wath  reference  to  throwing  light  especially  ui)on 
two  points  :  A.  The  relative  value  of  nitrate  of  soda,  sulfate 
of  annnonia,  and  dried  blood  used  as  sources  of  nitrogen. 
Ji.  The  relative  value  of  sulfate  of  [)()tasli  and  nuiriate  of 
potash.      These  two  points  will  be   separately  discussed." 
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A.  —  77ie  Relative  Value  of  Nitrate  of  Soda,  Sulfate  of 
Ammonia  and  Dried  Blood  as  Sources  of  Nitrogen. 
The  three  fertilizers  under  consideration  have  from  the 
first  been  applied  in  such  amounts  as  to  furnish  nitrogen  at 
the  rate  of  60  pounds  per  acre  to  each  plot.  Each  fertilizer 
is  always  applied  to  the  same  plot.  To  furnish  60  pounds 
of  nitrogen,  the  application  of  the  fertilizers  at  about  the 
following  rates  i)er  acre  is  required  :  — 

Pounds. 

Nitrate  of  soda,     ........     375 

Sulfate  of  amuKniia,      .......     300 

Dried  blood, 650 

Each  of  these  fertilizers  is  used  on  two  plots,  on  one  of 
which  the  source  of  the  potash  is  the  sulfate,  on  the  other 
the  nuiriate,  in  both  cases  in  such  quantities  as  to  furnish 
equal  actual  potash.  In  addition  to  the  nitrogen  and  potash 
fertilizers,  dissolved  l)oneblack  is  applied  at  the  rate  of  320 
pounds  per  acre  to  all  plots.  The  amount  of  actual  potash 
applied  is  at  the  rate  of  120  pounds  per  acre  ;  the  amount 
of  actual  phosphoric  acid  at  the  rate  of  50.4  pounds  per  acre. 
The  source  of  the  potash  used  affects  the  results  on  some  of 
the  crops  in  a  marked  degree.  This  is  especially  the  case 
where  sulfate  of  ammonia  is  the  source  of  nitrogen. 

The  results  obtained  previous  to  this  year  may  be  summa- 
rized as  follows  :  — 

For  the  early  crops,  i.e.,  the  crops  making  most  of  their 
growth  before  mid-summer,  including  onions,  lettuce,  table 
beets,  garden  peas,  spinach,  early  cabbages  and  strawberries, 
the  nitrate  of  soda  has  been  found  the  most  effective  source  of 
nitrogen.' 

The  relative  standing  of  the  different  nitrogen  fertilizers, 
as  measured  by  the  total  yields,  including  leaves,  vines  and 
tops,  as  well  as  the  marketable  product,  is  as  follows  for  the 
early  crops  :  — 

Per  Cent. 

Nitrate  of  soda, 100.00 

Dried  blood, 95.64 

Sulfate  of  ammonia,  ......       60.95 

'  Sixteentli  annual  report,  Hatch  Experiment  Station,  p.  124. 
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For  the  late  crops,  including  late  cabbages,  celery,  toma- 
toes, turnips  and  squashes  :  — 


Nitrate  of  soda, 
Dried  blood, 
Sulfate  of  ammonia. 


Per  Cent. 

100.00 
98.88 
78.74 


The  relative  average  standing  of  the  sulfate  and  muriate 
of  potash,  as  indicated  by  the  total  yield  of  all  crops  grown 
in  Field  C  previous  to  this  year,  is  shown  in  the  following 
table  :  — 


Fertilizers  used. 


Early  Crops 
(Per  Cent.). 


Late  Crops 
(Per  Cent.). 


Sulfate  of  potasb,   . 
Muriate  of  potash, 


100.00 
94.04 


98.32 
100.00 


For  the  past  year  the  relative  standing  of  the  nitrogen 
fertilizers  for  the  early  crops,  including  asparagus,  rhubarb, 
strawberries,  peas  and  table  beets,  is  as  follows  :  — 


Nitrate  of  soda, 
Dried  blood,  . 
Sulfate  of  ammonia, 


Per  Cent. 

100.00 
96.11 
92.83 


For  the  late  crops,  including  cabbages,  celery,  tomatoes, 
turnips  and  squashes,  the  relative  standing  is  :  — 

Per  Cent. 

Nitrate  of  soda,         .        - 100.00 

Dried  blood, 97.22 


Sulfate  of  ammonia. 


90.51 


Combining  the  results  for  1905  with  the  fourteen  previous 
years,  the  relative  standing  of  the  nitrogen  fertilizers  is  :  — 


For  the  early  crojis  :  — 

Nitrate  of  soda, 
Dried  blood. 
Sulfate  of  ammonia. 

For  the  late  crops  :  — 

Nitrate  of  soda. 
Dried  l)lood. 
Sulfate  of  ammonia. 


Per  Cent. 
100.00 

95.67 
63.08 


Per  Cent. 

100.00 
98.77 
79.52 
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The  relative  standing  of  tlie  potash  .salts  for  the  i)resent 
year  is  :  — 

For  the  early  crops  :  — 

Per  Cent. 

Sulfate  of  potash, 96.52 

IMuriale  of  potasli, 100. (Ki 

For  the  late  crops  :  — 

Per  Ceut. 

Sulfate  of  potasli, 92.08 

Muriate  of  potasli, 100.00 

Combining  the  relative  standing  of  the  potash  salts  for 
1905  with  the  figures  indicating  relative  standing  for  tlie 
fourteen  previous  years,  the  relative  standing  is  :  — 

For  the  eai-ly  crops  :  — 

Per  Cent. 

Sulfate  of  potash,     .          .          .  '        .          .          .          .      100.00 
Muriate  of  potash, 94.66 

For  the  late  crops  :  — 

Per  Cent. 

Sulfate  of  potash.     .         .         .         .         .         .         .97.90 

Muriate  of  potash, 100.00 

The  results  of  the  experiments  for  this  year  will  not  be 
reported  in  detail.  The  following  points  are  worthy  of 
mention  :  — 

1.  Nitrate  of  soda  appears  to  be  the  best  source  of  nitrogen 
for  asparagus,  taljle  beets,  cal)bages  and  squashes. 

2.  Dried  blood  as  the  source  of  nitrooen  has  2:iven  the 
largest  crops  in  the  case  of  strawberries,  peas,  tomatoes  and 
celery. 

3.  Sulfate  of  potash  as  the  source  of  potash  seems  to  be 
superior  for  asparagus,  peas,  beets  and  cabbages. 

4.  Muriate  of  potash  gives  results  superior  to  those  ob- 
tained with  the  sulfate  for  rhubarb,  strawberries,  squashes, 
tomatoes  and  celery. 

5.  Sulfate  of  ammonia  for  })ractically  all  crops  appears  to 
have  been  the  poorest  material  used  as  a  source  of  nitrogen. 
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X.  —  Alfalfa. 

Our  experiments  with  alfalfa  have  been  continued  both 
upon  our  own  grounds  and  those  of  a  few  selected  farms 
in  ditterent  parts  of  the  State.  We  are  bringing  to  bear 
upon  these  experiments  information  in  regard  to  successful 
methods  from  every  possible  source.  We  find  in  all  cases 
a  distinct  benefit  from  a  heavy  initial  application  of  lime. 
We  have  used  from  2,000  to  3,000  pounds  per  acre.  We 
are  enriching  soils  already  naturally  good  by  heavy  api)lica- 
tions  both  of  manures  and  fertilizers,  using  materials  which 
experience  has  proved  best.  We  are  also  giving  the  soil  a 
most  thorough  prepai-atory  tillage.  It  has  usually  been 
fall-plowed,  and  in  addition  it  is  plowed  in  the  spring,  and 
repeatedly  harrowed  to  destroy  weeds  which  start  in  the 
early  part  of  the  season.  We  have  tried  inoculating  the 
soil  both  Avitli  earth  ol)tained  from  a  field  in  New  York, 
where  alfalfa  is  successfully  grown,  and  with  the  cultures 
sent  out  by  the  Department  of  Agriculture  and  prepared  by 
private  firms.  We  have  not  attained  such  degree  of  success 
as  justifies  us  in  recommending  the  crop.  We  have  occa- 
sionally got  a  fair  stand  of  alfalfix,  but  in  all  cases  the 
winters  prove  more  or  less  injurious.  In  the  course  of  a 
few  years  the  alfalfa  is  mostly  crowded  out  by  grasses  and 
clovers.  The  alfalfa  almost  every  year  suffers  from  leaf 
spot,  which  tends  to  cut  down  the  yield. 

We  have  found  a  very  distinct  benefit  from  the  inoculation 
with  earth  from  the  New  York  alfalfa  field.  We  have  not 
found  an  equally  distinct  benefit  to  follow  inoculation  with 
an}'^  of  the  cultures;  and,  although  we  are  not  as  yet  ready 
to  make  a  final  report,  it  should  be  here  remarked  that  the 
most  careful  experiments  on  the  use  of  these  cultures  in 
sterilized  soils,  under  conditions  calculated  to  give  accurate 
results,  indicate  that  they  have  little  if  any  value. 

In  our  various  experiments  alfalfa  has  been  tried  on  a  wide 
variety  of  soils.  We  have  had  a  quarter  of  an  acre  field 
upon  a  coarse-textured  soil  upon  a  farm  in  this  neighbor- 
hood where  there  is  never  any  standing  water  within  50 
to  60  feet  of  the  surface.     Even  on   this  soil  the  altalfii, 
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jiltliough  it  did  fairly'  well  tor  a  year,  has  been  injured  by 
successive  wiiilors,  until  it  is  at  the  present  time  almost 
ruined. 

In  this  connection  T  call  attention  further  to  the  fact  that 
Mr.  D.  S.  Bliss  of  the  Department  of  Agriculture,  who  has 
been  making  special  efforts  to  promote  the  introduction  of 
alfalfa  into  New  P^ngland,  and  who  has  travelled  extensively 
for  the  purpose  of  studying  the  results  obtained,  now  speaks 
very  dlscouragingly  as  to  the  outlook  in  general. 

In  conclusion,  whiles  we  are  not  inclined  to  discourage 
experiments  with  alfalfa,  we  do  wish  most  emphatically  to 
caution  against  engaging  in  these  experiments  upon  an 
extended  scale,  for  we  feel  that  disappointment  is  almost 
inevitable.  - 

XI.  —  PoiTLTRY  Experiments. 

Our  work  with  poultry  during  the  })ast  year  has  had  the 
same  general  purpose  in  view  as  in  former  years,  namely,  to 
throw  light  on  the  question  of  the  proper  selection  of  feeds 
for  laying  fowls.  The  fowls  used  in  the  experiments  were 
pullets  of  our  own  raising,  and  matched  ffocks  have  been 
kept,  as  in  former  years,  each  in  a  house  by  itself,  all 
the  houses  being  of  precisely  similar  dimensions  and  con- 
struction . 

1.  The  two  flocks  in  houses  Nos.  1  and  2  have  been  fed 
on  rations  characterized  by  high  content  both  of  ash  and  tat 
and  low  tiber.  The  deficiency  of  wheat  in  fat  as  compared 
with  corn  is  made  up  in  the  ration  fed  to  the  fowls  in  House 
No.  1  by  the  use  of  corn  oil,  the  total  amount  of  fat  in  the 
foods  used  being  substantially  the  same  for  the  two  rations. 
This  experiment,  therefore,  in  a  general  wa}^  affords  oppor- 
tunity to  test  the  relative  value  for  egg  production  of  wheat 
and  corn.  The  ration  fed  the  fowls  in  House  No.  1  contains 
a  relatively  high  percentage  of  protein,  and  has  a  narrow 
nutritive  ratio.  The  ration  used  in  House  No.  2  contains 
a  relatively  low  percentage  of  protein,  and  has  a  wide  nutri- 
tive ratio.  The  animal  food  used  in  both  these  rations  was 
beef  scraps.  The  following  results  were  obtained  :  for  the 
first  period,  March  2  to  May  12,  inclusive,  the  wheat  ration 
produced  eggs  at  the  average  rate  of  .39  per  hen  day,  the 
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corn  ration  at  the  rate  of  .45  per  hen  day  ;  in  other  words, 
100  hens  would  have  laid  39  eggs  per  day  on  the  wheat 
ration  and  45  eggs  per  day  on  the  corn  ration.  For  the 
second  period,  May  13  to  September  23,  inclusive,  the  wheat 
ration  produced  an  average  of  .31  eggs  per  hen  day,  the  corn 
ration  at  the  rate  of  .41  eggs  per  hen  day  ;  in  other  words, 
during  the  summer  period  100  hens  would  have  laid  31  eggs 
per  day  on  the  wdieat  ration  and  41  eggs  per  day  on  the 
corn  ration.  The  average  food  cost  per  egg  produced  was  : 
for  the  wheat  ration  1.036  cents,  for  the  corn  ration  .749 
cents,  for  the  first  period ;  while  for  the  second  period  the 
cost  per  egg  on  the  wheat  ration  was  .895  cents  and  for  the 
corn  ration  .703.  The  gross  cost  of  the  food  on  the  wheat 
ration  varied  from  about  .26  cents  to  .37  cents  per  day  for 
each  fowl ;  wdiile  on  the  corn  ration  the  cost  varied  from  .27 
cents  to  .30  cents  per  day.  The  number  of  eggs  on  the 
corn  ration  was  considerably  greater  than  on  the  other,  and 
the  cost  per  egg  was  much  smaller.  This  result  is  in  agree- 
ment ^vith  the  results  of  most  of  the  similar  experiments 
which  we  have  tried  in  earlier  years.  We  are  certainly 
justified  in  the  conclusion  that  corn  has  superior  merits  for 
egg  production  as  compared  with  wheat. 

2.  The  rations  fed  to  the  fowls  in  pens  Nos.  3  and  4  were 
characterized  by  relatively  high  ash  and  low  fiber  content. 
Milk  albumen  was  used  as  the  source  of  animal  food  on 
account  of  the  low  percentage  of  fat  it  contains  ;  and  the 
rations  fed  to  the  fowls  in  both  of  these  pens  were  character- 
ized ))y  much  lower  fat  content  than  the  rations  fed  to  the 
fowls  in  pens  Nos.  1  and  2.  As  in  the  first  set  of  compari- 
sons, the  fat  content  of  the  two  rations  used  in  pens  Nos.  3 
and  4  was  equalized  by  the  addition  of  corn  oil  to  the  one 
naturally  lower  in  fat.  In  this  experiment,  as  in  the  first, 
wheat  was  the  leading  whole  grain  in  the  ration  fed  to  the 
fowls  in  one  house  (No.  3)  ;  corn  the  leading  whole  grain 
used  in  the  other  house  (No.  4).  The  results  with  the 
fowls  in  these  houses,  like  the  results  obtained  in  houses 
Nos.  1  and  2,  aiford  a  basis  for  estimating  the  relative  value 
of  wheat  and  corn,  but  with  a  relatively  low  percentage  of 
fat  in  i)()th.     The  egg  product  in  this  experiment  was  as  fol- 
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lows:  for  the  first  period,  March  3  to  May  12,  inclusive, 
the  wheat  ration  produced  eggs  at  the  average  rate  of  .41 
})er  hen  day,  the  corn  ration  .31)  per  hen  day;  or,  in  other 
words,  100  hens  would  have  laid  on  the  wheat  ration  41 
eggs,  on  the  corn  ration  39  eggs,  per  day.  For  the  second 
period.  May  13  to  September  23,  inclusive,  the  wheat  ration 
gave  an  average  of  .35  eggs  per  hen  day,  the  corn  ration  .31  ; 
or,  in  other  words,  respectively  for  the  wheat  ration,  an 
average  of  35  eggs  per  hundred  hens  daily,  and  for  the  corn 
an  average  of  31  eggs.  The  food  cost  of  the  eggs  in  this 
experiment  was  as  follows  :  for  the  wheat  ration  during  the 
summer  period,  .845  cents  per  egg ;  for  the  spring  period, 
1  cent  per  egg.  For  the  corn  ration,  the  food  cost  per  egg 
was  .871  cents  for  the  summer  period;  .942  cents  for  the 
spring  period.  The  cost  of  food  per  hen  daily  on  the  wheat 
ration  varied  from  .273  to  .372  cents;  for  the  corn  ration, 
from  .248  to  .333  cents.  In  this  experiment  the  wheat  ra- 
tion gave  a  somewhat  better  egg  yield  than  corn,  but  at  a 
higher  average  cost  per  egg.  The  experiment  indicates, 
therefore,  that,  unless  the  fat  content  of  the  ration  is  rela- 
tively high,  the  more  starchy  foods  are  not  sufficient  to 
produce  a  satisfactory  egg  yield,  and  the  product  falls  below 
that  obtained  from  feeding  a  ration  higher  in  protein. 

3.  The  fowls  in  houses  Nos.  5  and  6  Avere  fed  rations  in 
both  cases  characterized  by  low  protein,  high  ash  and  high 
fat  content,  the  deficiency  of  fat  in  the  grains  selected  being 
made  up  by  the  use  of  corn  oil.  The  fowls  in  Pen  No.  5 
were  fed  grains,  including  oats  and  oat  feed,  characterized 
by  a  high  proportion  of  fiber.  Those  in  Pen  No.  6  were 
fed  grains  among  which  rice  was  prominent,  characterized 
by  a  low  percentage  of  fiber.  The  experiment  in  these 
houses,  then,  was  calculated  to  throw  light  upon  the  influ- 
ence of  fiber  on  egg  production,  the  nutritive  ratio  in  the 
two  houses  being  substantially  the  same, — about  1  to  6.5. 
In  these  houses  beef  scraps  was  the  animal  food  used.  The 
results  were  as  follows  :  For  the  period  March  2  to  May  12, 
inclusive,  the  egg  production  was  :  for  the  oat  ration  (high 
fiber)  .40  eggs  per  hen  day,  for  the  rice  ration  (low  fiber) 
.42  eggs  per  hen  day ;  or,  in  other  words,  from  100  hens 
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daily  respectively  40  and  42  eggs.  For  the  second  period, 
May  13  to  September  23,  inclusive,  the  averages  were  :  on 
the  oat  ration  .38  eggs  per  hen  day,  on  the  rice  ration  .46 
eggs  per  hen  day  ;  or,  from  100  hens  daily  respectively  38 
and  46  eggs.  The  food  cost  of  the  eggs  has  been  as  follows  : 
for  the  oat  ration  during  the  first  period  1.019  cents,  for  the 
second  period  .935  cents  ;  for  the  rice  ration  for  the  first 
period  1.103  cents,  for  the  second  period  1.048  cents.  The 
cost  of  food  per  hen  per  day  has  varied  for  the  oat  ration  from 
.32  to  .40  cents  ;  for  the  rice  ration  from  .412  cents  to  .423 
cents  per  day.  The  rice  ration,  as  last  year,  has  given  a 
very  satisfactor}^  yield  of  eggs,  but,  as  Avas  then  stated,  its 
high  price  at  the  present  time  renders  it  poor  economy  to 
use  it.  We  are  employing  it  in  these  experiments  because 
it  contains  less  fiber  than  any  other  grain,  and  we  are  trying 
to  throw  light  upon  the  influence  of  filler  in  egg  production. 
The  indication  this  year,  as  last,  is  very  clear  that  this  influ- 
ence is  unfavorable. 

The  nutritive  ratios  in  the  food  combinations  used  in  the 
different  experiments  of  the  past  year  have  been  as  follows : 
for  the  rations  Avhere  wheat  is  compared  with  corn  Avith 
beef  scraps  for  animal  food  and  high  fat  content,  —  for  the 
wheat  ration,  betAAcen  1  to  4.57  and  4.26  ;  for  the  corn 
ration,  between  1  to  6.69  and  5.81  ;  for  the  experiment  in 
which  Avheat  is  compared  Avith  corn  Avith  milk  a]l)umen  and 
beef  scraps  for  animal  food,  —  for  the  Avheat  ration,  between 
1  to  4.03  and  4.54  ;  for  the  corn  ration,  1  to  6.28  and  5.84  ; 
in  the  experiment  in  which  oats  and  rice  have  been  compared 
with  high  fat  content,  — for  the  oats,  between  1  to  5.88  and 
6.49  ;  for  the  rice,  betAveen  1  to  5.84  and  6.53. 

Our  experiments  clearly  do  not  support  the  vicAv  that  a 
narroAv  nutritive  ratio  is  essential  to  good  egg  production. 
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KEPOKT    OF    THE    IIOUTICULTURIST. 


V.    A.    AVAUt^ill. 


The  work  of  the  division  of  hortieulture  for  the  past  year 
has  followed  the  lines  announced  in  previous  reports.  It  has 
been  concerned  chietly  with  the  propagation  of  plants,  more 
especially  dwarf  fruit  trees,  with  problems  in  pruning,  and 
with  the  S3^stematic  study  of  varieties.  During  the  year 
some  interesting  experiments  in  the  growing  of  mushrooms 
have  been  under  way.  There  follows  herewith  a  report  of 
progress  in  the  experiments  in  pruning  peach  trees  of 
bearing  age. 

Pruning  Peach  Trees. 

A  year  ago  this  department  made  a  report  on  experiments 
in  pruning  peach  trees. ^  Another  year  has  thrown  new 
evidence  on  the  problems  involved,  so  it  seems  best  to  take 
u})  the  subject  again.  In  the  mean  time  the  trees  have  borne 
a  considerable  crop  of  fruit,  and  their  behavior  under  this 
load  has  been  particularly  interesting. 

Last  year's  report  dealt  with  various  problems,  one  of 
which  was  the  practice  of  pruning  frozen  peach  trees  to  help 
their  recovery.  Briefly  stated,  the  experiment  comprised 
four  methods  of  treatment,  as  follows  :  (a)  no  pruning  ;  (6) 
moderate  pruning ;  (c)  severe  heading  back ;  (d)  cutting 
back  to  stubs,  or  "dehorning."  The  results  of  these  various 
methods  of  })runing,  as  developed  up  to  the  time  of  making 
last  year's  report  (December,  1904),  showed  that  moderate 
pruning  was  to  l)e  preferred.  It  may  be  said  at  once  that 
this  general  conclusion  stands  without  much  modiiication, 
though  the  severely  pruned  trees  made  a  relatively  better 
showing  under  the  stress  of  a  good  crop  of  fruit. 

'  Hatch  Experiment  Station,  seventeenth  annual  rei^ort,  p.  162  (1905) . 
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Perhaps  the  fact  most  obvioiusly  developed  by  the  year's 
experience  is  that  the  trees  were  more  severely  injured  l)y 
the  freezes  of  1902-03  and  1903-04  than  had  been  supposed. 
From  week  to  week  one  tree  after  another  broke  down  or 
split  down  or  lost  large  branches,  through  the  stress  of  winds 
or  growing  fruit  crop.  As  each  successive  tree  broke  down, 
it  was  plainly  to  l)e  seen  that  the  Avood  had  been  seriously 
injured  by  freezing,  and  that  it  had  not  recovered.  Though 
the  tree  kept  on  growing,  adding  fresh  and  healthy  outer 
layers  of  wood,  the  interior  was  dead  and  decaying.  In 
manv  cases  this  decay  was  serious,  and  had  extended  through 
considerable  areas  of  tissue.  ]VIany  fungi  (mostly  sapro- 
phj'tes  such  as  feed  on  dead  wood)  had  gained  a  foothold, 
and  seemed  to  l)e  out-thriving  the  peach  trees. 

These  evidences  of  decay,  especially  the  larger  fungi 
(polypori,  etc.),  were  most  conspicuous  on  the  "dehorned" 
trees.  A  few  of  these  trees  have  finally  succumbed  during 
the  summer  of  1905,  and  it  is  now  i)lainer  than  it  was  a  3^ear 
ago  that  this  method  of  treating  se\'erely  frozen  i)each  trees 
is  not  to  be  recommended.  An  additional  drawback  lay  in 
the  fact  that  the  trees  bore  little  or  no  fruit  in  1905,  while 
all  the  other  trees  in  the  experiment  bore  a  good  crop. 

Perha})s  a  word  of  explanation  should  be  added  to  this 
statement  of  the  case.  This  method  of  pruning  peach  trees 
back  to  mere  stul)s  has  its  uses,  as  in  renewing  t\w  head 
when  a  tree  is  to  be  rebudded  to  a  new  variety.  It  can  be 
successfully  carried  out,  but  only  on  vigorous  and  compara- 
tively young  trees.  Trees  weakened  by  freezing  are  pre- 
cisely the  ones  which  cannot  respond  to  such  vigorous 
treatment. 

Coming  next  to  the  trees  severely  headed  back  (from  which 
practically  all  the  one-year-old  wood  was  removed  in  the 
spring  of  1905),  we  find  conditions  much  better.  There 
are  some  manifest  evidences  of  the  injury  received  during 
the  freezes  of  two  and  three  winters  ago,  some  broken  limbs 
and  some  growth  of  saprophytic  fungi :  but  the  trees  show 
strong,  sturdy  tops,  Avith  a  very  satisfactory  annual  growth 
for  1905.  The  trees  bore  a  good  crop  of  fruit  in  1905,  and 
are  in  the  best  condition  of  any  in  the  orchard  for  carrying 
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another  crop  in  lilOii.  While  trees  severely  headed  back 
recovered  less  rcadil}'  Iroiii  the  eff'ects  of  freezing,  those 
which  finally  bore  the  crop  made  distinctly  better  growth  for 
the  pruning. 

The  trees  lightly  pruned  were  cut  back  only  a  i)art  of  the 
l)revious  year's  annual  growth,  —  from  one-third  to  one-half. 
The  largest  percentage  of  recovery  was  shown  by  these  trees, 
and  they  bore  slightly  larger  crops  of  fruit  in  1905  than  any 
of  the  others.  On  the  other  hand,  there  appeared  to  be  more 
breakage  of  large  branches,  the  heads  are  left  in  less  satis- 
factory form  than  on  trees  severely  headed  back,  and  the  pros- 
pect for  carrying  a  good  crop  in  190()  seems  to  be  slightly 
less. 

The  trees  left  without  pruning  are  now  distinctly  the 
poorest  in  the  orchard,  with  the  exception  only  of  those  that 
were  "dehorned."  The  percentage  of  loss  was  high,  the 
crop  of  1905  was  inferior  to  that  on  the  pruned  trees,  and 
the  present  condition  of  these  trees  is  unsatisfactory. 

As  the  result  of  this  experiment,  the  following  practice 
would  seem  to  be  indicated  :  — 

1.  Prune  peach  trees  moderately,  removing  not  more  than 
one-third  to  one-half  the  previous  year's  annual  growth, 
when  the  wood  has  been  injured  by  freezing. 

2.  AYhen  only  the  fruit  buds  are  killed,  the  wood  being 
uninjured  and  the  trees  in  good  condition,  prune  severely, 
cutting  back  the  annual  growth  to  two  or  three  buds.  It 
may  be  expedient  to  cut  some  branches  back  even  into  two 
or  three  year  old  wood. 
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REPORT  OF  THE  CHEMIST. 


DIVISION    OF    FERTILIZERS    AND    FERTILIZER 
MATERIALS.! 


CHARLES    A.    GOESSMANN. 

Assistants:   iienki  u.  haskins,  edwakd  g.  pkoulx,  e.  t.  ladd. 


Pakt  L  —  Report  on  Oliiciul  Inspection  of  Commercial  Fer- 
tilizers. 

Part  IL— Report  on  General  Work  in  the  Chemical  Lab- 
oratory. 


Paht  I.  —  Report  ox  Official  Inspection  of 
Commercial  Fertilizers  and  A(jricultural 
Chemicals  during  the  Season  of  1905. 


CHARLES    A.    (iOESSMANN. 


The  total  number  of  manufacturers,  importers  and  dealers 
in  commercial  fertilizers  and  agricultural  chemicals  who 
have  secured  licenses  during  the  past  season  is  64  ;  of  these, 
36  have  offices  for  the  general  distribution  of  their  goods  in 
Massachusetts,  9  in  New  York,  6  in  Connecticut,  3  in  Ver- 
mont, 2  in  Ohio,  1  in  Rhode  Island,  1  in  Maryland,  1  in 
Tennessee,  1  in  Arkansas,  1  in  Missouri,  1  in  Canada,  1  in 
New  Jersey  and  1  in  Pennsylvania. 

'  See  also  tables  in  Appendix. 
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Three  hundied  and  twenty-six  brands  of  fertilizers  and 
agricultural  chemicals  have  l)een  licensed  in  Massachusetts 
during  the  year.  Five  hundred  and  seventy-four  sani[)les 
of  fertilizers  have  been  collected  up  to  the  present  time,  in 
our  general  markets,  by  experienced  assistants  in  the  station. 
Five  hundred  and  eleven  samples  had  been  analyzed  at 
the  beginning  of  December,  1905,  representing  313  distinct 
brands  of  fertilizers.  These  analyses  Averc  published  in  two 
bulletins  of  the  Hatch  Experiment  Station  of  the  Massachu- 
setts Agricultural  College  :  No.  104,  July  ;  No.  107,  Novem- 
ber, 1905.  The  analyses  of  other  officially  collected  samples 
of  fertilizers  not  included  in  these  two  bulletins  will  be  pub- 
lished in  our  next  bulletin,  in  March,  190(i.  About  the 
same  number  of  fertilizers  were  licensed  in  Massachusetts 
during  the  year  as  in  1904.  The  results  of  our  inspection 
work  show  18  more  samples  analyzed  during  the  season 
than  for  the  previous  year. 

The  following  table  gives  a  ])rief  al^stract  of  the  results  of 
analyses  of  the  official  commercial  fertilizers  in  comparison 
with  the  year  previous  :  — 


(a)  Where  three  essential  elements  of  plant  food  were  guaranteed :  — 
Number  with  three  elements  etjual  to  or  above  the  highest  guarantee,  . 
Number  with  two  elements  above  the  highest  guarantee, 
Number  with  one  element  above  the  highest  guarantee,  .... 
Number  with  three  elements  between  the  lowest  and  highest  guarantee. 
Number  with  two  elements  between  the  lowest  and  highest  guarantee, 
Number  with  one  element  between  the  lowest  and  highest  guarantee,  . 
Number  with  three  elements  below  the  lowest  guarantee, 
Number  with  two  elements  below  the  lowest  guarantee, .... 
Number  with  one  element  below  the  lowest  guarantee,    .... 

(6)  Where  two  essential  elements  of  plant  food  were  guaranteed :  — 
Number  with  two  elements  above  the  highest  guarantee. 
Number  with  one  element  above  the  highest  guarantee,  .... 
Number  with  two  elements  between  the  lowest  and  highest  guarantee. 
Number  with  one  element  between  the  lowest  and  highest  guarantee, . 
Number  with  two  elements  below  the  lowest  gviarantee,  .... 
Number  with  one  element  below  the  lowest  guarantee,    .... 

(c)  Where  one  essential  element  of  plant  food  was  guaranteed :  — 

Number  above  the  highest  guarantee 

Number  between  the  lowest  and  highest  guarantee 

Number  below  the  lowest  guarantee,    .       .       .       .       . 


7 

3 

32 

16 

111 

S3 

190 

203 

146 

138 

48 

38 

Dne 

1 

12 

25 

103 

92 

8 

3 

Ifi 

29 

20 

13 

19 

23 

1 

5 

1.5 

21 

16 

4 

24 

2.5 

13 

19 
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From  the  above  table  it  will  be  seen  that  the  quality  of 
the  licensed  fertilizers  during  the  past  year  has  not  been  up 
to  the  usual  standard. 

Trade  Values  of  Fertilizing  Ingredients  in  Raw  Materials  and  Chemicals, 
1904  and  1905  {Cents per  Pound). 


Nitrouren  in  ammonia  salts 

NitroiAcn  in  nitrates, 

Orgjanic  nitroi^en  in  dry  and  line-ground  fisli,  meat,  i)lood,  and  in  higli- 

grade  mixed  fertilizers, 

Organic  nitrogen  in  fine  bone  and  tankage 

Organic  niti'ogen  in  coarse  bone  and  tankage 

Pliosi)lioric  acid  soluble  in  water 

Phosiilioric  acid  solnljle  in  ammonium  citrate, 

Pliosplioric  acid  in  line-ground  fish,  bone  and  tankage 

Phosplioric  acid  in  cotton-seed  meal,  castor  pomace  and  wood  ashes,  . 

Phosphoric  acid  in  coarse  fish,  bone  and  tankage, 

Phosphoric  acid  insoluble  (in  water  and  in  neutral  citrate  of  ammonia) 

in  mixed  fertilizers, 

Potasli  as  sulfate,  free  from  chlorides, 

Potash  as  muriate  (chloride) 

Potash  as  carbonate 


17.50 
16.00 


17. .50 
17.00 


17.50 
17.00 
12.50 
4.50 
4.00 
4.00 
4.00 
3.00 

2.00 
5.00 
4.25 


18.50 
18.00 
13.00 
4.. 50 
4.00 
4.00 
4.00 
3.00 

2.00 
5.00 
4.25 
8.00 


A  comparison  of  the  market  cost  of  the  three  essential 
elements  of  plant  food  for  1905  with  the  previous  year 
shows  the  onl}^  variation  to  be  in  the  various  forms  of 
nitrogen  compounds  :  nitrogen  in  the  form  of  nitrates,  and 
the  higher  grades  of  organic  nitrogen,  including  nitrogen  in 
high-grade  mixed  fertilizers,  is  a  cent  higher  per  pound ; 
while  the  medium  and  lower  grades  of  organic  nitrogen  also 
show  an  increased  cost  of  one-half  cent  per  pound.  All 
nitrogen  compounds,  with  the  exception  of  ammoniates, 
show  somewhat  of  an  increase  in  cost  as  compared  with 
1904. 

The  above  schedule  of  trade  values  was  adopted  by  repre- 
sentatives of  the  Massachusetts,  Connecticut,  Rhode  Island, 
Maine,  Vermont  and  New  Jersey  experiment  stations  at  a 
conference  held  during  the  month  of  March^  1905,  and  is 
based  upon  quotations  in  the  fertilizer  market  in  centers  of 
distribution  in  New  England,  New  York  and  New  Jersey 
during  the  six  months  preceding  March,  1905,  and  refers  to 
the  current  market  prices,  in  ton  lots,  of  the  leading  stand- 
ard raw  materials  furnishing  nitrogen,  phosphoric  acid  and 
potassium  oxide,  and  which  go  to  make  up  our  commercial 
fertilizers. 
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Table  A,  on  the  followino;  page,  gives  the  average  com- 
position of  licensed  fei'iilizers  for  1905  ;  Table  B  gives  a 
compilation  of  analyses  showing  the  average  percentages,  as 
well  as  the  maximum  and  minimum  percentages,  of  the 
three  essential  elements  of  plant  food  found  in  the  so-called 
special  crop  fertilizers  put  out  by  the  different  manufac- 
turers. This  latter  table  shows  how  unsafe  it  is  to  be  guided 
wholly  by  trade  name  when  selecting  a  feitilizer  for  any 
special  crop.  Out  of  the  several  hundred  fertilizers  that  arc 
annually  offered  for  sale  in  the  general  markets  in  Massa- 
chusetts, it  becomes  no  easy  matter  for  the  farmer  to  select 
to  meet  his  requirements  in  cases  of  the  ready  factorj^-mixed 
goods.  No  infallible  rule  can  be  laid  down,  as  soil  condi- 
tions vary  so  widely,  and  so  much  depends  upon  crop  rota- 
tion. It  is  safe  to  say,  however,  that  the  higher-grade 
fertilizers  are  the  most  economical  ones  to  buy.  Those  fer- 
tilizers should  be  purchased  which  furnish  the  most  nitrogen, 
potash  and  phosphoric  acid  in  a  suitable  and  available  form 
for  the  same  money.  % 
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List  of  Manufdcturers  and  Dealers  who  have  secured  Gerlijicates  for  the 

Sale  of  Commercial  Fertilizers  in  the  State  duj'ing  the  Past  Year 

(May  1, 1905,  to  May  1, 190G),  and  the  Brayids  licensed  by  Each. 

The  American  AgricuUiu-al  Chemical  Co., 
Boston,  Mass.;  — 
High-grade  Fertilizer  with  Ten   Per 

Cent.  Potash. 
Grass  and  Lawn  Top  Dressing. 
Tobacco  Starter  and  Grower. 
Fine-ground  Bone. 
Dissolved  Bone-black. 
Muriate  of  Potash. 
Double  Manure  Salt. 
High-grade  Sulfate  of  Potash. 
Nitrate  of  Soda. 
Dry  Ground  Fish. 
Plain  Superphosphate. 
Sulfate  of  Ammonia. 
Kainit. 
Dried  Blood. 
Fine-ground  Tankage. 
Ground  South  Carolina  Phosphate. 

The  American  Agricultural  Chemical  Co. 
(Bradley  Fertilizer  Co.,  branch),  Bos- 
ton, Mass. :  — 

Bradley's  Complete  Manure  for  Pota- 
toes and  Vegetables. 

Bradley's  Complete  Manure  for  Corn 
and  Grain. 

Bradley's  Complete  Manure  with  Ten 
Per  Cent.  Potash. 

Bradley's  Comjjlete  Manure  for  Top- 
dressing  Grass  and  Gi-aiu. 

Bradley's  X  L  Superphosphate. - 

Bradley's  Potato  Manure. 

Bradley's  Potato  Fertilizer. 

Bradley's  Corn  Phosphate. 

Bradley's  Eclipse  Phosphate. 

Bradley's  Niagara  Phosphate. 

Bradley's  English  Lawn  Fertilizer. 

Bradley's  Columbia  Fish  and  Potash. 

Bradley's  Abattoir  Bone  Dust. 

Church's  Fish  and  Potash. 

The  American  Agricultural  Chemical  Co. 
(H.  J.  Baker  &  Bro.,  branch) ,  New  York, 
N.Y.:  — 
Baker's  A  A  Ammoniated  Superphos- 
phate. 
Baker's  Complete  Potato  Manure. 

The  American  Agricultural  Chemical  Co. 
(Clark's  Cove  Fertilizer  Co.,  branch), 
Boston,  Mass.  :  — 

Clark's  Cove  Bay  State  Fertilizer. 

Clark's  Cove  Bay  State  Fertilizer, 
G.  G. 

Clark's  Cove  Great  Planet  Manure. 

Clark's  Cove  Potato  IManure. 

Clark's  Cove  Potato  Fertilizer. 

Clark's  Cove  King  Philip  (in; 


The  American  Agricultural  Chemical  Co. 
(Crocker  Fertilizer  and   Chemical  Co., 
branch),  Buffalo,  N.  Y. :  — 
Crocker's  Potato,  Hop  and  Tobacco 

Phosphate. 
Crocker's  Corn  Phosphate. 

The  American  Agricultural  Chemical  Co. 
(Cumberland  Bone  Phosphate  Co., 
branch),  Boston,  Mass. :  — 
Cumberland  Superphosphate. 
Cumbei'land  Potato  Fertilizer. 

The  American  Agricultural  Chemical  Co. 
(L.  B.  Darling  Fertilizer  Co.,  branch), 
Pawtucket,  R.  1. :  — 
Darling's  Blood,  Bone  and  Potash. 
Darling's    Complete   Ten    Per   Cent. 

Manure. 
Darling's  Potato  Manure. 
Darling's  Farm  Favorite. 
Darling's  Potato   and  Root  Crop 

Manure. 
Darling's  General  Favorite. 

The  American  Agricultural  Chemical  Co. 
(Great  Eastern  Fertilizer  Co.,  branch), 
Rutland,  Vt. :  — 
Great  Eastern  Garden  Special. 
Great  Eastern  Vegetable,   Vine  and 

Tobacco. 
Great  Eastern  Northern  Corn  Special. 
Great  Eastern  General  Fertilizer. 
Great  Eastern  Grass  and  Oats  Ferti- 
lizer. 

The  American  Agricultural  Chemical  Co. 
(Pacitic  Guano  Co.,  branch),  Boston, 
Mass. :  — 

Pacific  High-grade  General. 

Pacific  Potato  Special. 

Soluble  Pacific  Guano. 

Pacific  Nobsque  Guano. 

The  American  Agricultural  Chemical  Co. 
(Packers'  Union  Fertilizer  Co.,  branch), 
Rutland,  Vt. :  — 
Packers'  Union  Universal  Fertilizer. 
Packers'  Union  Potato  Manure. 
Packers'  Union  Animal  Corn  Ferti- 
lizer. 
Packers'  Union  Gardener's  Comi)lete 

Manure. 
Packers'     Union     Wheat,    Oats    and 
Clover  Fertilizer. 
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Tlie  American  Agricultural  Chemical  Co. 
(Quinnipiac  Co.,  branch),  Boston, 
Mass. :  — 

Quinnipiac  Market-garden  INIanure. 

Quinnipiac  Phosphate. 

Quinnipiac  Potato  Manure. 

Quinnipiac  Potato  Phosphate. 

Quinnipiac  Corn  Manure. 

Quinnipiac  Climax  Phosphate. 

Quinnipiac  Onion  Manure. 

The  American  Agricultural  Chemical  Co. 
(Read    Fertilizer   Co.,  branch),    New 
York,  N.  y.:  — 
Read's  Practical  Potato  Special. 
Read's  Farmers'  Friend. 
Read's  Standard. 

Read's  High-grade  Farmers'  Friend. 
Read's  Vegetable  and  Vine. 

The  American  Agricultural  Chemical  Co. 
(Standard  Fertilizer  Co.,  branch),  Bos- 
ton, Mass. :  — 
Standard  Complete  Manure. 
Standard  Fertilizer. 
Standard  Special  for  Potatoes. 
Standard  Guano. 

The  American  Agricultural  Chemical  Co. 
(Henry  F.  Tucker  Co.,  branch),  Boston, 
Mass. :  — 
Tucker's    Original    Bay    State    Bone 

Superphosphate. 
Tucker's  Special  Potato  Fertilizer. 

The    American    Agricultural    Chemical 
Co.   (Williams  &  Clark  Fertilizer  Co., 
branch),  Boston,  Mass. :  — 
Williams  &  Clark's  High  grade  Spe- 
cial. 
Williams  &  Clark's  Americus  Phos- 
phate. 
Williams  &  Cl.ark's  Potato  Phosphate. 
Williams  &  Clark's  Potato  Manure. 
Williams  &  Clark's  Corn  Phosphate. 
Williams  &  Clark's  Royal  Bone  Phos- 
phate. 
Williams  &  Clark's  Prolific  Crop  Pro- 
ducer. 

The  American  Agriciilttiral  Chemical  Co. 
(M.  E.  Wheeler  &  Co.,  branch),  Rut- 
land, Vt. :  — 
Wheeler's  Bermuda  Onion  Grower. 
Wheeler's  Potato  Manure. 
Wheeler's  Havana  Tobacco  Grower. 
Wheeler's  Corn  Fertilizer. 
Wheeler's  Grass  and  Oats  Fertilizer. 

W.  H.  Abbott,  Holyoke,  Mass.  :  — 
Abbott's  Animal  Fertilizer. 
Abbott's  Eagle  Brand. 
Abbott's  Tobacco  Fertilizer. 


The  American  Cotton  Oil  Co.,  New  York, 
N.  Y. :  — 
Cotton-seed  Meal. 
Cotton-seed  Hull  Ashes. 

The  American  Linseed  Co.,  New  York, 
N.  Y.:  — 
Cleveland  Flax  Meal. 


Armour  Fer 
Md. :  — 
Armour's 
Armour's 
Armour's 
Armour's 
Armour's 
Potash. 
Armour's 
Armour's 
Armour's 
Armour's 


tilizer    Works,    Baltimore, 

Grain  Grower. 
Blood,  Bone  and  Potash. 
High-grade  Potato. 
All  Soluble. 
Amnioniated    Bone   with 

Bone  Meal. 
Complete  Potato. 
Corn  King. 
Market-gai'den  Fertilizer. 


H.  J.  Baker  &  Bro.,  New  York,  N.  Y.:  — 
Castor  Pomace. 

Beach  Soap  Co.,  Lawrence,  Mass. :  — 
Beach's  Advance  Fertilizer. 
Beach's  Reliance  Fertilizer. 

Berkshire  Fertilizer  Co.,  Bridgeport, 
Conn. :  — 
Complete  Fertilizer. 
I'otato  and  Vegetable  Phosphate. 
Amnioniated  Bone  Phosphate. 

Joseph  Breck  &  Sons,  Boston,  Mass. :  — 
Breck's  Lawn  and  Garden  Dressing. 
Breck's  Market-garden  Manure. 

Bowker  Fertilizer  Co.,  Boston,  Mass. :  — 

Stockbridge  Special  Manures. 

Bowker's  Hill  and  Drill  Phosphate. 

Bowker's  Farm  and  Garden  Phos- 
phate. 

Bowker's  Lawn  and  Garden  Dressing. 

Bowker's  Potato  and  VegeUible  Fer- 
tilizer. 

Bowker's  Fish  and  Potash  (Square 
Brand) . 

Bowker's  Potato  and  Vegetable  Phos- 
phate. 

Bowker's  Sure  Crop  Phosphate. 

Gloucester  Fish  and  Potash. 

Bowker's  High-grade  Fertilizer. 

Bowker's  Bone  and  Wood  Ash  Ferti- 
lizer. 

Bowker's  Pish  and  Potash  ("D" 
Brand). 

Bowker's  Corn  Phosphate. 

Bowker's  Blood,  Bone  and  Potash. 

Bowker's  Early  Potato  Manure. 

Bowker's  Bristol  Fish  and  Potash. 

Bowker's  Fine-ground  Dry  Fish. 
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Bowker  Fertilizer  Co.,  Boston,  Mass.  — 
Con. 

Bowker's  Tobacco  Ash  Elenieuts. 

Bovvker's  Wood  Ashes. 

Bowker's  Ground  Bone. 

Bowker's  Superphosphate. 

Sulfate  of  Ammonia. 

Nitrate  of  Soda. 

Dissolved  Bone-black. 

Muriate  of  Potash. 

Sulfate  of  Potash. 

Dried  Blood. 

Bowker's  Soluble  Animal  Fertilizer. 

Bowker's  Tobacco  Starter. 

Bowker's  Tobacco  Ash  Fertilizer. 

Bowker's  Market-garden  Fertilizer. 

Bowker's  Potash  Bone. 

Bowker's  Ten  Per  Cent.  Manure. 

Kainit. 

Bowker's  Complete  Mixture. 

Bowker's  A  m  moniated  Food  for 
-Flowers. 

Double  Manure  Salt. 

Bowker's  Tankage. 

Bowker's  Clover  Brand  Bone  and 
Wood  Ash. 

Bowker's  Flour  of  Bone. 

Bowker's  Market  Bone. 

Bowker's  Ground  Phosphate  Rock. 

Bowker's  Ammoniated  Dissolved 
Bone. 

Bowker's  Square  Brand  Bone  and 
Potash. 

Bowker's  Potash  or  Staple  Phos- 
phate. 

Bowker's  Special  Fertilizer  for  Seed- 
ing Down. 

F.  W.  Brode  &  Co.,  Memphis,  Tenn.:  — 
Owl  Brand  Pure  Cotton  seed  Meal. 

T.  H.  Bunch,  Little  Rock,  Ark. :  — 
Cotton-seed  Meal. 

Charles  M.  Cox  &  Co.,  Boston,  Mass.:  — 
Cotton-seed  Meal. 

Chicopee     Rendering     Co.,    Spriiiglield, 
Mass. :  — 
Lawn  and  Garden  Dressing 
Vegetable  and  Potato  Fertilizer. 

E.  Frank  Coe  Co.,  New  York,  N.  Y. :  — 

E.  Frank  Coe's  High-grade  Ammo- 
niated Bone  Superphosphate. 

E.  Frank  Coe's  Gold  Brand  Excel- 
sior Guano. 

E.  Frank  Coe's  Excelsior  Potato  Fer- 
tilizer. 

E.  Frank  Coe's  Tobacco  and  Onion 
Fertilizer. 

E.  Frank  Coe's  Columbian  Corn  Fer- 
tilizer. 


E.  Frank  Coe  Co.,  New  York,  N.  Y.— 
Con. 
E.    Frank    Coe's   Columbian    PoUito 

Fertilizer. 
E.  Frank  Coe's  New  Englander  Potato 

Fertilizer. 
E.  Frank  Coe's  New  Englander  Corn 

Fertilizer. 
E.  Frank  Coe's  XXX  Pure  Ground 

Bone. 
E.  Frank  Coe's  F.  P.  Fish  and  Potash. 
E.  Frank  Coe's  Red  Brand  Excelsior 

Guano. 
E.  Frank  Coe's  Celebrated  Special 

Potato. 
E.  Frank  Coe's  Grass  and  Grain  Spe- 
cial. 
E.  Frank  Coe's  XXX  Ammoniated 

Bone  Phospliate. 
E.  Frank  Coe's  Muriate  of  Potasii. 
E.  Frank  Coe's  Nitrate  of  Soda. 

.John  C.  Dow  &  Co.,  Boston,  Mass.  :  — 
Dow's  Pure  Ground  Bone. 

Tlie  Eureka  Liquid  Fertilizer  Co.,  Boston, 
Mass. :  — 
Eureka  Liquid  Fertilizer. 

William  E.  Fyfe  &  Co.,  Clinton,  Mass. :  — 
Hard  Wood  Canada  Ashes. 

R.  &  J.  Farquhar  &  Co.,  Boston,  Mass. :  — 
Clay's  London  Fertilizer. 

C.  W.  Hastings,  Ashmont,  Mass. :  — 
Ferti  Flora. 

Thomas    Ilersom    &  Co.,  New    Ik-dford, 
Mass. :  — ; 
Bone  Meal. 
Meat  and  Bone. 

Hunter  Brothers  Milling  Co.,  St.  Louis, 
Mo. :  — 
Prime  Cotton-seed  Meal. 

John  Joynt,  Lucknow,  Ont.,  Can.:  — 
Joynt  Brand  Hard-wood  Ashes. 

A.  Klipstein  &  Co.,  New  York,  N.  Y. :  — 
Carbonate  of  Potash. 

Lister's   Agricultural    Chemical    Works, 
Newark,  N.  J.:  — 
Lister's  Success  Fertilizer. 
Lister's  Si)ecial  Corn  Fertilizer. 
Lister's  Special  Potato  Fertilizer. 
Lister's  Potato  Manure. 
Lister's  High-grade  Special  for  Spring 

Crops. 
Lister's  Oneida  Special. 
Lister's  Animal  Bone  and  I'otash. 
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Switt's   Lowell    Fertilizer   Co.,    Boston, 
Miiss.  :  — 
Swift's  Lowell  Bone  Fertilizer. 
Swift's  Lowell  I'oliito  Pliosi)liate. 
Swift's  Lowell  Dissolved   Bone  and 

Potash. 
Swift's  Lowell  Animal  Brand. 
Swift's  Lowell  Marke  t-garde  n 

Manure. 
Swift's  Lowell  Potato  Manure. 
Switt's  Lowell  Empress  Brand. 
Swift's  Lowell  Superior  Fertilizer. 
Swift's  Lowell  Special  Grass  Mixture. 
Swift's  Lowell  Lawn  Dressinj?. 
Swift's   Lowell  Perfect  Tobacco 

Grower. 
Swift's  Lowell  Ground  Bone. 
Swift's  Lowell  Special  Vegetable 

ftfanure. 
Acid  Phosphate. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Tankage. 

George  E.  Marsh  &  Co.,  Lynn,  Mass. :  — 
Pure  Bone  Meal. 

D.  M.  Moulton,  Monson,  Mass. :  — 
Ground  Bone. 

Mapes  Formula  and  Peruvian  Guano  Co., 
New  York,  N.  Y. :  — 

Mapes'  Potato  Manure. 

Mapes'  Tobacco  Starter  Improved. 

Mapes'  Tobacco  Manure  (Wrapper 
Brand) . 

Mapes'  Economical  Potato  Manure. 

Mapes'  Average  Soil  Complete  Ma- 
nure. 

Mapes'  Vegetable  Manure  or  Complete 
Manure  for  Light  Soils. 

Mapes'  Corn  Manure. 

Mapes'  Complete  Manure  ("  A " 
Brand) . 

Mapes'  Cereal  Brand. 

Mapes'  Complete  Manure  Ten  Per 
Cent.  Potash. 

Mapes'  Top-dresser  Improved,  Half 
Strength. 

Mapes'  Tobacco  Ash  Constituents. 

Mapes'  Grass  and  Grain  Spring  Tojj- 
dressing. 

Mapes'  Fruit  and  Vine  Manure. 

Mapes'  Cauliflower  and  Cabbage  Ma- 
nure. 

National  Fertilizer  Co.,  Bridgeport, 
Conn. :  — 
Chittenden's  Complete  Fertilizer. 
Chittenden's  High-grade  Special  To- 
bacco. 
Chittenden's  Market  Garden. 
Chittenden's  Potato  Phosphate. 


National    Fertilizer  Co.,  Bridgeport, 
Conn. —  Von. 
Chittenden's  Ammoniated  Bone. 
Chittenden's  Fish  and  Potash. 
Chittenden's  XXX  Fish  and  Potash. 
Chittenden's  Formula  "A." 

New    England    Fertilizer    Co.,    Boston, 
Mass. :  — 
New  England  Corn  Phosphate. 
New  England  Potato  Fertilizer. 
New  England  Superphosphate. 
New  England  High-grade  Potato  Fer- 
tilizer. 

Olds  &  Whipple,  Hartford,  Conn. :  — 
Complete  Tobacco  Fertilizer. 
Vegetal jle  Potash. 

R.  T.  Prentiss,  Holyoke,  Mass. :  — 
Prentiss  Complete  Fertilizers. 

Pannenter  &  Polsey  Fertilizer  Co.,  Pea- 
body,  Mass. :  — 
Plymouth  Rock  Brand. 
Special  J'ertilizer  for  Strawberries. 
Special  Potato  Fertilizer. 
Nitrate  of  Soda. 
A.  A.  Brand  Fertilizer. 
P.  &  P.  Potato  Fertilizer. 
Pure  Ground  Bone. 
Lawn  Dressing. 
P.  &  P.  Grain  Grower. 
Star  Brand  Superphosphate. 

Rogers  &  Hubbard  Co.,  M  i  d  d  1  e  t  o  w  n , 
Conn. :  — 
Hubbard's  Oats  and  Top-dressing. 
Hubbard's  Grass  and  Grain. 
Hubbard's  Soluble  Corn. 
Hubbard's  Soluble  Potato. 
Hubbard's  Soluble  Tobacco. 
Hubbard's  All  Soils  and  All  Crops. 
Hubbard's  Corn  Phosphate. 
Hubbard's  Potato  Phosphate. 
Hubbard's  Market-garden  Phosphate. 
Hubbard's  Raw  Knuckle  Bone  Flour. 
Hubbard's  Sti-ictly  Pure  Fine  Bone. 

Rogers  Manufacturing  Co.,  R  o  c  k  f  a  1 1 , 
Conn. :  — 
All  Round  Fertilizer. 
Complete  Potato  and  Vegetable  Fer- 
tilizer. 
High-grade  Complete  Corn  and  Onion. 
Fish  and  Potash. 
High-grade  Tobacco  and  Potato. 
High-grade  Oats  and  Top-dressing. 
High-grade  Grass  and  Grain. 
High-grade  Soluble  Tobacco. 
Pure  Knuckle  Bone. 

Ross  Bros.,  Worcester,  Mass. :  — 
Ross  Brothers'  Lawn  Dressing. 
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N.  Koy  &  Son,  South  Attleborough, 
Mass. :  — 
Complete  Animal  Fertilize!". 

Eussia  Cement  Co.,  Gloucester,  Mass. :  — 
Essex  Dry  Ground  Fish. 
Essex  Complete  Manure  for  Potatoes, 

Roots  and  Vegetables. 
Essex    Complete   Manure    for   Corn, 

Grain  and  Grass. 
Essex   Market-garden   and    Potato 
'    Manure 

Essex  Corn  Fertilizer. 
Essex  A  I  Superphosphate. 
Essex  XXX  Fish  and  Potash. 
Essex  Odorless  Lawn  Dressing. 
Essex  Tobacco  Starter. 
Essex  Special  Tobacco  Manure. 
Essex  Rhode  Island  Special. 
Essex  Grass  and  Top-dressing. 
Essex  Nitrate  of  Soda. 

Sanderson's  Fertilizer  and  Chemical  Co., 
Jitew  Haven,  Conn. :  — 
Sanderson's  Formula  "  A  ". 
Sanderson's  Formula  "  B  ". 
Sanderson's  Potato  Manure. 
Sanderson's  Corn  Superpliosphate. 
Sanderson's  Fine-ground  Fish. 
Sanderson's  Sulfate  of  Potash. 
Walker's  Complete  Phosphate. 
Walker's  Complete  Fertilizer. 
Walker's  High-grade  Fertilizer. 
Niantic  Bone,  Fish  and  Potash. 
Old  Reliable  Superphosphate. 

The  Smith  Agricultural  Chemical  Co., 
Columbus,  O.  (Abbott  &  Martin  Ren- 
dering Co.,  branch) :  — 

Harvest  King. 

Toljacco  and  Potato  Special. 


The  Smith  Agricultural  Chemical  Co., 
Columbus,  O,  (Hardy  Packing  Co., 
branch) : — 

Tankage  Bone  and  Potash. 

Tobacco  and  Potato  Special. 

M.  L.  Shoemaker  &  Co.,  Limited,  Phil- 
adelphia, Pa. :  — 
Swift  Sure  Suiierphosphate. 
Swift  Sure  Bone  Meal. 

Thomas  L.  Stetson,  Randolph,  Mass. :  — 
Bone  Meal. 

A.  L.  Warren,  Northborough,  Mass. :  — 
Wai-ren's  Ground  Bone. 

The   Whitman   &  Pratt   Rendering  Co., 
Lowell,  Mass.  :  — 
Whitman  &  Pratt's  All  Crops. 
Wliitman  &  Pratt's  Corn  Success. 
Wliitman  &  Pratt's  Vegetable  Grower. 
Whitman  &  Pratt's  Potash  Special. 
Whitman  &  Pratt's   Pure  Ground 

Bone. 
Whitman  &  Pratt's  Potato  Plowman. 

Wilcox  Fertilizer  Works,  Mystic,  Conn.  :— 
Wilcox  Potato,  Onion  and   Tobacco 

Manure. 
Wilcox  Potato  Fertilizer. 
Wilcox  Complete  Bone  S  u  p  e  r  p  b  o  s- 

phate. 
Wilcox  Fish  and  Potash. 
Wilcox  High-grade  Tobacco  Special. 
Wilcox  Dry  Ground  Fish. 

Sanford  Winter,  Brockton,  Mass. :  — 
I'ure  Fine-ground  Bone. 

J.  M.Woodward  &  Bro.,  Greenfield, 
Mass. :  — 
Tankage. 
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Part  II.  —  Eepokt  on   General  Work  in  the 
Chemical  Laboratory. 


C.    A.    GOESSMANN. 


1.  Analyses  of  materials  forwarded  for  examination. 

2.  Notes  on  wood  ashes  and  lime  ashes. 

1.     Analyses  of  Materials  forwaeded  for 
Examination. 

We  have  received  257  samples  of  miscellaneous  sub- 
stances, during  the  season,  from  farmers  within  our  State. 
As  far  as  circumstances  and  time  permit  we  have  taken  up 
these  materials  for  analysis,  and  as  a  general  thing  have  re- 
ported results  in  the  order  of  their  arrival  at  this  office.  As 
in  the  past,  we  have  been  obliged  to  neglect  this  class  of 
work  until  a  lull  occurred  in  the  official  inspection  of  com- 
mercial fertilizers.  From  December  to  April  we  have  most 
time  to  devote  to  the  investigation  of  general  material,  and 
for  this  reason  would  prefer  to  have  the  samples  forwarded 
whenever  possible,  so  they  may  be  taken  up  during  these 
months.  This  would  insure  more  prompt  reports  of  the 
results  of  analyses. 

We  have  taken  the  usual  active  part  in  the  technical 
chemical  work  of  the  Association  of  Official  Agricultural 
Chemists  for  the  establishment  of  new  methods  of  chemical 
analysis,  more  particularly  in  regard  to  fertilizer  work  and 
the  analysis  of  insecticides.  We  have  also  been  in  co- 
operation with  the  American  Chemical  Society  and  the 
United  States  Geological  Survey  in  regard  to  technical  de- 
tails in  the  chemical  analysis  of  argillaceous  limestone.  The 
results  of  these  analyses  were  sent  to  the  respective  parties 
in  Washington. 
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Following   is  a  list  of  materials   forwarded  l)y   farmers 
during  the  year  :  — 


Soils,    .... 

54 

Factory  waste. 

2 

Wood  ashes, 

47 

Ashes  from  leather  scrajjs. 

2 

Complete  fertilizers. 

32 

Insecticides,  . 

2 

Cotton-seed  meal. 

24 

Oyster  shells. 

Lime  ashes. 

8 

Sulfate  of  ammonia. 

Miscellaneous  materials , 

7 

Blood,  .... 

Nitrate  of  soda,     . 

(5 

Wool  waste  ashes, 

IManure, 

6 

Chicken  grit. 

Muck,  .... 

5 

Tobacco  dust. 

Tankage, 

4 

Argillaceous  limestone, 

Sujicrphosphate,    . 

4 

Burned  bone, 

Cotton-hull  ashes. 

4 

Low-grade  sulfate  of  potash, 

High-grade  sulfate  of  potash 

,       3 

River  mud,   . 

Ground  l)one, 

3 

Cob  ashes,     . 

Bone  and  meat, 

3 

Castor  pomace. 

Sheep  manure, 

3 

Linseed  meal. 

Peruvian  guano,    . 

3 

Mud  from  seaweed. 

Peat,     .         .         .         .       , 

3 

Cotton-seed  compost,     . 

Dry  ground  lish,    . 

2 

Damaged  cocoa,    . 

Dissolved  bone-black,    . 

2 

Prepared  bone, 

Wood  charcoal. 

2 

Vegetable  jiotash, 

Muriate  of  2)otash, 

2 

Rotten  cotton  waste. 

Carbonate  of  jjotash,      . 

2 

2.     Notes  on  Wood  Ashes  and  Lime  Ashes. 
(a)    lloofZ  Ashes. 
Eighteen  and  one-half  percent,  of  the  materials  forwarded 
by  farmers  during  the  year  have  been  wood  ashes.     The  fol- 
lowing table  shows  their  chemical  composition  as  compared 
"with  the  previous  year  :  — 
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Analysis  of  Wood  Ashes. 


Number  op  Samples. 

1904. 

1905. 

Moisture  from  1  to  10  per  cent., 

INIoisture  from  10  to  30  per  cent 

INIoietiirc  from  20  to  30  per  cent. 

Moisture  al)ovc  30  per  eent., 

Potassium  oxide  aljove  8  per  cent 

Potassium  oxide  from  6  to  7  per  cent 

Potassium  oxide  from  5  to  6  per  cent., 

Potassium  oxide  from  4  to  5  per  cent., 

Potassium  oxide  from  3  to  4  per  cent.,     . 

Potassium  oxide  below  3  per  cent., 

Phosphoric  acid  above  2  per  cent 

Phosphoric  acid  from  1  to  2  per  cent 

Phosphoric  acid  below  1  per  cent 

Average  percent,  of  calcium  oxide  (lime), 

Insoluble  matter  below  10  per  cent 

Insoluble  matter  from  10  to  15  per  cent., 

Insoluble  matter  above  15  per  cent , 

18 
16 

8 

3 

2 

8 

6 
12 
10 

7 

3 

30 

12 

30.16 

6 
18 
20 

15 
20 

7 

1 

4 

4 
12 
13 

7 

3 

7 
32 

4 
32.30 

9 
14 
20 

Tabic  shorving  the  Maximum,  Minimum  and  Average  Per  Cents,  of  the 
Different  Ingredients  found  in  Wood  Ashes,  1904  and  1905. 


Maximum. 

Minimum. 

Average. 

1904. 

1905. 

1904. 

1905. 

1904. 

1905. 

Moisture  at  100°  C,    . 

37.85 

32.05 

none. 

.02 

14.42 

13.45 

Potassium  oxide, 

11.04 

8.68 

.80 

2.32 

4.51 

5.09 

Phosphoric  acid. 

6.07 

4.74 

.28 

.38 

1.37 

1.67 

Calcium  oxide,  . 

42.86 

4'J.24 

l'J.73 

21.17 

30.16 

32.30 

Insoluble  matter. 

47.21 

33.32 

4.. 56 

4.15 

18.35 

15.49 

From  the  above  comparison  it  will  be  seen  that  the  ashes 
analyzed  during  the  year  are  of  much  better  quality  than 
for  the  year  1904.  We  wish  to  urge  parties  who  buy  wood 
ashes  to  patronize  those  importers  and  dealers  who  have 
secured  a  license  for  the  sale  of  ashes  in  Massachusetts,  for 
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it  is  only  in  this  way  that  they  can  secure  protection  by  our 
State  laws.  Wood  ashes  should  always  be  bought  on  a 
statement  of  guarantee  of  potash,  phosphoric  acid  and  lime. 


(6)   Lime  Ashes. 

Table  shoiving  the  Maximimi,  Minimum  and  Average  Per  Cents,  of  the 
Different  Ingrcdicnls  found  in  Lime  Ashes,  1004  and  1905. 


Maximum. 

Minimum. 

Average. 

1904. 

1905. 

1904. 

1903. 

1904. 

1905. 

Moisture,     .... 

36.62 

]',».35 

none. 

.05 

10.88 

11.18 

Potassium  oxide, 

2.46 

4.80 

.06 

1.02 

1.54 

2.47 

Phosphoric  acid. 

1.48 

1..58 

trace. 

.18 

.74 

.97 

Calcium  oxide,  . 

5.5.24 

63.44 

21.92 

37.. 56 

42.93 

49.34 

Insoluble  matter, 

25.47 

28.93 

2.76 

3.21 

8.11 

8.99 

It  will  be  seen  froni  the  above  comparison  that  the  aver- 
age composition  of  lime  ashes  for  the  past  year  is  superior  to 
that  of  1904.  The  only  safe  way  to  buy  lime  ashes  is  to 
insist  upon  a  guarantee  of  potash,  phosphoric  acid  and  lime 
which  they  are  said  to  contain. 
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REPORT   OF   THE   CHEMIST. 


DIVISION   OF   FOODS   AND   FEEDING. i 


J.    B.    LINDSEY. 

Chemical  Assistants:  e.  h.  Holland,  r.  ri.  smith,  e.  s.  fulton,^  a.  c. 

WHITTIEK. 

Inspector  of  Feeds  and  Babcock  Machines :  a.  parsons,^  k.  g.  helyar. 
Dairy  Tester :  s.  R.  parker. 

In  Charge  of  Feeding  Experiments  :  J.  G.  cook,  *  r.  f.  gaskill. 
Stenographer:  makel  c.  smith. 


Part      I. — The  Work  of  the  Year. 

1.  Correspondence. 

2.  Summary  of  laboratory  work. 

3.  Water  analysis. 

4.  Dairy  products  and  cattle  feeds. 

5.  Special  chemical  work. 

6.  Feed  control. 

7.  Act  for  protection  of  dairymen. 

8.  The  testing  of  pure-bred  cows. 

9.  Work  completed. 

10.  Work  in  progress. 

11.  Changes  in  staff. 

Part    II. — Experiments  in  Animal  Nutrition. 

1.  Bibby's  dairy  cake. 

2.  Eureka  silage  corn. 

3.  Concerning  wheat  bran. 

*  See  also  tables  in  Appendix.  ^  Resigned  July  1,  1905. 

«  Resigned  Sept.  15,  1905.  *  Resigned  Aug.  1,  1905. 
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Part  I.  —  The  Work  of  the  Year. 


J.    r..    UNDSEY. 


1 .       CORRESPONDEXCE . 

The  answering  of  inquiries  relative  to  feeding  and  dairy 
problems  has  continued  to  be  a  feature  of  the  correspondence 
of  this  department.  Grain  dealers  appear  desirous  of  being 
well  posted  on  the  various  feed  stufls  in  the  market,  and  are 
constantly  writing  for  information.  The  total  number  of 
letters  of  all  kinds  sent  out  during  the  year  was  approxi- 
mately 3,600. 

2.     SujiMARY  OF  Laboratory  Work. 

The  usual  variety  of  chemical  work  has  been  carried  out 
during  the  year. 

There  have  been  sent  in  for  examination  102  sann)les  of 
water,  792  of  milk,  1,717  of  cream,  .5  of  butter,  191  of  feed 
stuffs  and  6  miscellaneous.  In  connection  M-itli  experiments 
by  this  and  other  divisions  of  the  station,  there  have  been 
analyzed,  in  whole  or  in  part,  236  samples  of  milk  and 
cream  and  142  of  fodders  and  feed  stuffs.  This  makes  a 
total  of  4,042  substances  analyzed  during  the  year,  as  against 
4,261  last  year  and  3,897  in  the  previous  year.  Work  on 
the  determination  of  sulphur  in  organic  bodies,  and  nitrogen 
compounds  in  cheese,  not  included  in  the  above,  has  been 
done  for  the  Association  of  Official  Agricultural  Chemists. 
In  addition,  13  candidates  have  been  examined  and  given 
certiticates  to  operate  Babcock  machines,  and  1,665  pieces 
of  glassware  have  been  tested  for  accuracy,  of  which  197 
pieces,  or  11.83  per  cent.,  were  condemned. 

3.     Water  Analysis. 
The  experiment  station  has  made  a  feature  of  sanitary 
water  anabasis  since  its  establishment  in   1882.     Within  a 
few  3'^ears  a  charge  of  $3  a  sample  has  been  })laced  upon  this 
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work,  in  order  to  hold  in  check  many  who  have  seeming!}' 
abused  the  privilege  of  free  analysis.  Instructions  for  secur- 
ing an  analysis  are  issued  in  circular  form,  as  follows  :  — 

Those  wishing  to  secure  a  sanitary  analysis  of  water  must 
first  make  application,  wliereupon  a  glass  bottle  securely  en- 
cased, accompanied  by  full  instructions  for  collecting  and  ship- 
ping the  sample,  will  be  forwarded  by  express.  The  return 
express  must  in  all  cases  be  prepaid.  Because  of  the  smallness 
of  the  sum  involved,  no  account  will  be  opened.  Remittance 
by  check,  P.  0.  money  order,  or  money  at  the  owner's  risk, 
must  be  strictly  in  advance. 

Address  Dr.  J,   B.   Lixdsfa', 

Hatch  Experiment  Station,  Amherst,  Mass. 

The  results  of  the  analysis  are  forwarded  on  especially 
prepared  blanks,  with  such  additional  remarks  concerning 
the  condition  of  the  water,  and  its  possible  improvement, 
as  is  warranted  in  each  case.  This  station  does  not  make 
mineral  analysis  of  water,  excepting  at  lure  intervals  by 
special  arrangement. 

4.  Dairy  Products  and  Cattle  Feeds. 
This  depjirtment  makes  free  analyses  of  milk,  cream  and 
cattle  feeds  for  farmers  and  others,  in  so  far  as  its  resources 
permit.  About  the  usual  number  have  been  received  during 
the  year.  Many  farmers  and  dairvmen  desire  to  know  the 
percentage  of  fat  and  total  solids  in  the  milk  produced  by 
their  herd  and  by  individual  animals,  and  send  samples  to  the 
station  for  analysis.  They  are  thus  enabled  to  determine  the 
quality  of  the  product  placed  upon  the  market,  and  also 
the  value  of  the  cow  for  profitable  milk  production.  The 
quality  of  the  milk  shipped  to  Boston  is  carefully  scrutinized 
by  the  several  contractors,  and  prodttcers  frequently^  send 
samples  to  the  station,  to  ascertain  whether  their  product  is 
conforming  to  the  legal  requirements.  Parties  who  have 
been  warned  by  the  contractors,  or  have  had  their  milk  re- 
fused, likewise  forward  samples,  with  requests  for  informa- 
tion as  to  methods  of  betterment.  The  station  tries  to  be  as 
helpful  as  possible  in  all  such  cases.     One  creamery  sends 
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its  samples  regularly,  and  others  send  occasional  lots,  when 
not  in  condition  to  satisfactorily  perform  the  Avork,  or  when 
desiring  to  check  their  own  results.  A  charo^e  is  made  in 
such  cases  sufficient  to  cover  the  cost  of  the  work. 

Farmers  and  grain  dealers  are  constantly  sending  samples 
of  feeds  for  examination,  to  determine  their  value  and 
Avhether  they  are  as  represented.  This  work  takes  consid- 
erable time,  but  it  is  worthy  of  encouragement.  It  must 
not  be  understood,  however,  that  the  station  furnishes  a  free 
chemical  laboratory  for  jobbers  and  manufacturers  who  wish 
to  ascertain  the  composition  of  their  feeds  for  commercial 
purposes.  The  station  does  not  solicit  work  of  this  charac- 
ter, but  is  willing  to  undertake  a  limited  amount  for  a  rea- 
sonable compensation . 

5.  Special  Chemical  Work. 
During  the  year  the  department  has  undertaken  co-o})cra- 
tive  work  on  chemical  methods  in  connection  with  the  Asso- 
ciation of  Official  Agricultural  Chemists,  and  has  studied 
particularly  methods  for  the  determination  of  sulphur  in 
organic  substances,  and  of  nitrogenous  compounds  in  cheese. 
The  department  has  also  co-operated  with  the  de})artment  of 
botany  in  ascertaining  thc^  amount  of  starch  and  sugars  in 
cucumber  leaves,  grown  under  definite  conditions. 

(i.  Feed  Contkol  (Acts  of  1903,  CiiArxEK  202). 
The  several  provisions  of  this  act  have  been  executed  as 
heretofore.  Bulletin  No.  101,  containing  the  analyses  of 
30(>  samples  of  feeds  collected  the  previous  autumn,  was  dis- 
tributed early  in  January  of  1905.  This  bulletin  also  con- 
tained many  remarks  and  suggestions  on  the  nutritive  and 
commercial  values  of  concentrates.  Bulletin  No.  106,  sent 
out  in  October,  1905,  gave  the  chemical  and  microscopic 
analyses  of  (i5  samples  of  condimental  stock  and  poultry 
foods,  and  the  results  of  an  experiment  with  Pratt's  food. 
During  the  months  of  January,  February,  March  and  April, 
the  inspector  twice  visited  the  most  important  cities  and 
towns  in  the  State,  and  collected  481  sam})les  of  feeds.  The 
entire  collection  was  tested  during  the  late  spring  and  early 
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summer.  For  financial  reasons,  it  was  not  i)()ssible  to  pub- 
lish the  results  in  bulletin  form.  Those  that  were  considered 
at  all  suspicious  were  examined  by  both  the  chemist  and  the 
microseopist,  and  the  attention  of  retail  dealers,  jobbers 
and  manufacturers  called  to  any  irregularities.  Brief  notes 
regarding  this  collection  were  published  in  Bulletin  No.  lOG. 
The  inspector  canvassed  the  entire  State  in  September  and 
October,  and  the  o()5  samples  collected  are  now  being  exam- 
ined, and  the  results  will  be  ready  for  publication  in  Decem- 
ber.    . 

The  large  majority  of  manufacturers,  jobbers  and  retailers 
willingly  conform  to  the  recjuirements  of  the  law.  Consid- 
erable difliculty  is  frequently  experienced  in  obtaining  a 
statement  in  full,  man}'  omitting  the  weight  of  the  package, 
and  a  few  stating  the  protein  and  fat  guarantees  together. 
Some  manufacturers  and  jobbers  have  been  lax  in  attaching 
any  guamntee  whatever,  and  retailers  have  frequently  oftered 
uno'uaranteed  ofoods  for  sale.  The  station  has  endeavored  to 
be  ver}'  patient  >vith  offenders,  giving  them  full  opportunity 
to  conform  to  the  statute  requirements.  The  writer  recog- 
nizes the  diversity  of  conditions  governing  the  purchase  and 
sale  of  the  great  variety  of  concentrated  feeds,  and  has  been 
willing  to  condone  many  technical  violations  of  the  law, 
when  it  appeared  that  no  intentional  oflence  was  intended. 
Some  parties  seem  inclined  to  take  advantage  of  this  seem- 
ing leniency,  and  such  it  may  be  necessary  to  call  to  a  sharp 
account. 

The  value  of  an  intelligent  and  tactful  inspector  cannot  be 
too  strongly  emphasized.  lie  is  in  position  to  impart  nuich 
valuable  information  to  the  dealer,  and  to  smooth  out  many 
ditticulties  that  may  arise.  The  station  finds  it  difficult  to 
retain  the  services  of  a  satisfactory  person  for  any  length  of 
time,  because  of  the  small  salary  paid. 

The  great  Imlk  of  feed  now  oftered  is  free  from  intentional 
adulteration,  and  is  as  represented.  Buyers,  as  a  rule,  have 
only  themselves  to  l)lame  if  they  are  defrauded.  Much 
cotton-seed  meal  is  being  guaranteed  several  per  cent,  lower 
in  protein  than  formerly,  manufacturers  claiming  that  it 
does  not  pay  them  to  completely  remove  the  hulls.      It  is 
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also  stated  that  this  lower-grade  meal  is  s]iij)i)ed  ironi  other 
territory  than  that  formerly  supplying  the  Massachusetts 
markets. 

Gluten  feed  and  wheat  by-products  tested  low  in  protein 
during  1905,  owing  to  tlic  inferior  character  of  the  1904 
corn  and  wheat. 

Porto  Kico  molasses  and  a  considerable  variety  of  molasses 
feeds  are  l)eing  freely  otfercd.  The  station  is  making  a 
special  study  of  these  products,  and  hopes  to  })ul)lish  the 
results  in  bulletin  form  within  the  next  few  months. 

Rice  bv-})r()ducts  in  considerable  (juantity  are  being  sold 
in  the  southwest,  hut  as  yet  they  have  not  been  offered  in 
local  markets.  Detailed  information  concerning  the  com- 
position and  value  of  concentrates  may  be  obtained  by  con- 
sulting the  s})ecial  bulletins  on  the  subject. 

7.     An  Act  for  tiii-:  Pkotkotion  of  Daikymkn  (Acts  of 

lilOl,    ('lIAl'TKU    202). 

This  act  makes  it  obligatory  for  all  creameries  and  milk 
depots  within  the  State,  emplojing  the  Babcock  test  or  any 
other  test  for  determining  the  value  of  milk  or  cream,  to 
have  all  graduated  glassware  used  in  making  such  deter- 
minations tested  for  juccuracy  by  this  station.  It  further 
r{M|uires  that  all  jiarties  intending  to  operate  such  machines 
must  first  be  examined  for  conn)etency  b}^  the  proper  official 
of  the  station.  Once  each  3'ear  the  station  is  obliged  to  send 
a  conn)etent  party  to  each  creamery  and  milk  depot  within 
the  State  where  such  machines  are  in  use,  to  duly  inspect 
said  machines  and  jjronounce  upon  their  fitness  for  the  work. 
This  department  has  endeavored  to  carry  out  the  several 
provisions  of  this  law  with  the  same  care  as  formerly.  The 
following  is  a  brief  report  of  the  work  for  190;")  :  — 

Infipection  of  Glassware.  —  All  glassware  found  to  be  cor- 
rectl}' graduated  has  been  marked  "  ]\Iass  Ex  St."  There 
were  l,()()r)  pieces  examined,  of  which  197,  or  11.83  per  cent., 
were  condemned.  The  inaccurate  bottles  were  largely  of 
the  bull)  type  (Bartlett).  Until  last  year  these  bottles  have 
been  passed  on  accuracy  of  total  graduation,  as  the  usual 
charge  of  5  cents  a  piece  would  not  permit  of  additional 
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testing.  Because  of  tlie  difliculty  in  securing  a  correct  grad- 
uation, it  has  been  necessary  to  test  the  three  distinct  por- 
tions of  the  scale  at  a  correspondiiig  increase  in  cost,  'i'he 
use  of  this  type  of  bottle  is  not  to  be  encouraged. 

Examination  of  Candidales.  —  A  few  less  candidates  than 
usual  were  examined,  and  13  certificates  of  competency 
issued.  Many  candidates  sliowed  poor  mani[)ulati()n,  and 
lacked  a  thorough  luiderstunding  of  the  method.  In  case 
of  failure,  applicants  are  obliged  to  wait  a  month  before  a 
second  examination  will  be  given. 

Inspection  of  Bahcoch  ]\IacJrinfis.  —  'V\\(\  inspection  of  ma- 
chines the  present  year  has  been  in  charge  of  Mr.  Fraidv  G. 
Helyar,  who  makes  the  following  report :  — 

The  annual  inspection  of  liubcock  machines  was  made  in 
November  and  December.  Fifty-two  places  were  either  visited 
or  lieard  from,  of  whicii  number  only  30  were  amenable  to  the 
inspection.  Those  creameries  or  milk  depots  that  did  not  come 
under  the  inspection  were  exempt  for  two  reasons :  some  of  them 
do  not  possess  a  machine,  but  have  their  samples  regularly 
tested  by  city  inspectors;  while  others  have  machines,  but  from 
all  that  can  be  learned  they  neither  buy  nor  sell  milk  or  cream 
on  the  results  of  their  own  tests.  In  suspicious  cases  they  carry 
samples  to  the  city  inspector.  There  are  three  creameries  paying 
by  the  space  and  one  by  the  churn  test. 

Of  tlie  total  number,  34  were  creameries  and  18  were  milk 
depots.  Of  the  34  creameries,  19  were  situated  west  of  the 
Connecticut  Eiver,  and,  as  a  rule,  in  the  back-hill  towns,  away 
from  good  transportation  facilities.  Tiie  rest  of  the  creameries 
were  scattered  throughout  the  eastern  part  of  the  State.  The 
milk  depots,  on  the  other  hand,  are  situated  nearer  the  large 
cities.  Twenty  of  the  milk  depots  and  creameries  were  co- 
operative, while  the  rest  were  either  proprietary  or  stock  com- 
panies. The  number  of  co-operative  creameries  is  steadily 
decreasing. 

As  a  whole,  tlie  machines  were  found  to  be  in  very  good  con- 
dition, none  being  condemned,  and  only  3  needing  repairs.  The 
cast-iron  machine  is  being  used  in  every  place  visited  but  4. 
The  Facile  is  used  in  19  places,  the  Agos  in  9  and  tlie  Wizard 
in  3. 

Most  of  the  owners  of  the  P)abcock  macliines  have  recognized 
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the  value  of  a  substantial  foundation  as  a  factor  in  keeping  their 
machines  in  good  repair.  Still,  there  are  a  few  machines  that 
are  being  used  on  rather  insecure  and  shaky  supports.  As  a 
result,  these  machines  are  always  a  little  out  of  level,  and  run 
with  more  or  less  unnecessary  vibration.  Some  machines,  even 
with  repairs  suggested  in  previous  inspections,  still  overheat  the 
samples.  The  operators  of  these  machines  counteract  this  by 
allowing  the  machine  to  run  a  few  moments  at  the  end  of  the 
test  with  the  cover  lifted.  No  machine  was  found  that  in- 
sufficiently heated  the  samples.  The  steam  gauges,  with  only 
one  or  two  exceptions,  were  found  to  be  in  good  order.  In 
those  cases  where  they  were  not  in  good  order,  speed  indicators 
are  used  to  check  up  the  speed  of  the  machines. 

Only  in  one  place  was  untested  glassware  found.  In  some 
cases  it  was  not  as  clean  as  it  ought  to  be,  but,  on  the  whole, 
may  be  said  to  be  in  very  good  condition. 

In  addition  to  the  regular  work  of  the  inspection,  -I  city  milk 
inspectors  were  visited.  Only  1  desired  an  examination,  liis 
machine,  an  electrical  Wizard,  was  given  a  certificate. 

The  above  law  is  not  as  coinprehensive  as  one  could  wish. 
It  makes  no  financial  provision  for  the  purpose  of  carrying 
out  the  provisions  of  section  3  (inspection  of  machines) ,  but 
requires  the  director  of  the  station,  or  his  agent,  to  make 
the  inspection,  and  to  assess  the  cost  u})on  the  several  cream- 
eries inspected.  The  station  is  obliged  to  advance  the  expense 
out  of  its  treasury,  and  collect  35  or  40  small  l)ills  resulting. 
Most  creameries  pay  with  a  reasonable  degree  of  promptness, 
but  a  few  parties  are  obstinate  and  slow. 

After  the  station  has  issued  a  certificate  of  competency  to 
the  oi)erator  of  a  Balx'ock  machine,  it  has  no  further  control 
over  said  party,  even  though  he  may  prove  careless,  and  even 
dishonest  in  his  future  operations.  The  law  could  be  im- 
proved, and  thus  give  a  fuller  measure  of  protection  to  dairy- 
men, by  a  small  annual  State  appropriation,  together  wdth 
the  necessary  authority  to  make  a  semi-annual  inspection  of 
all  Babcock  or  similar  machines,  and  of  all  glassware  used  in 
connection  therewith,  and  by  empowering  the  director  of  the 
experiment  station,  or  some  otiier  competent  i)arty%  to  rescind 
the  license  of  all  operators  who  do  not  appear  to  be  satis- 
factorily i)erforming  their  duties. 
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8.  The  Testing  of  Pure-bred  Cows. 
Breeders  of  })ure-l)red  .ler.scy,  Guernsey  iind  Ilolstein 
cattle  are  making  tests  of  the  weekly  and  yearly  yields  of 
milk  and  butter  fat  produced  by  their  cows,  under  the  rules 
and  regulations  of  the  several  national  cattle  clul)S.  The 
rules  require  that  these  tests  be  made  under  the  strict  super- 
vision of  an  officer  of  the  Agricultural  College  or  Experiment 
Station.  This  department  has  undertaken  the  work  for 
Massachusetts  breeders.  Considerable  more  testing  has  been 
required  during  1905  than  heretofore,  necessitating  the  tem- 
porary em})loyment  of  5  difierent  inspectors  at  one  time.  It 
is  frequently  quite  difficult  and  time-consuming  for  the 
regular  employees  to  be  required  to  meet  the  sudden  de- 
mands of  breeders  for  men  to  do  work  of  this  character, 
although  thus  far  all  calls  for  men  and  apparatus  have  been 
met  promptly.  Breeders  ought  to  give  the  station  at  least 
ten  days'  notice.  The  cost  of  this  work  is  paid  by  the  par- 
ties for  whom  it  is  done,  and  includes  tester's  time  at  $2  to 
$2.50  a  day,  1)oard,  travelling  expenses  and  breakage.  There 
are  at  present  44  Jerseys  and  29  Guernseys  under  yearly 
tests,  belonging  to  F.  L.  Ames,  North  Easton,  N.  I.  Bow- 
ditch,  Framingham,  W.  L.  Cutting,  Pittstield,  C.  H.  Jones, 
Wellesley  Farms,  A.  II.  Sagendorph,  Spencer,  Storrs  Agri- 
cultural College,  Storrs,  Conn.,  C.  I.  Hood,  Lowell,  A.  F. 
Pierce,  AVinchester,  N.  H.,  and  R.  A.  Sibley,  Spencer. 
Eight  seven-day  milk  and  butter  fat  tests  have  been  made 
for  the  Jersey  Cattle  Club,  and  37  for  the  PIolstein-Friesian 
Association,  and  the  yearly  tests  of  32  Jerseys  and  12 
Guernseys  have  been  completed. 

9.     Work  completed. 

Eurelxa  SilcKje  Corn.  —  A  two-years  expei'iment,  to  study 
the  composition,  digestibility  and  economic  value  of  this 
corn,  a  coarse  southern  dent,  as  compared  with  a  medium 
dent  that  will  mature  its  seed  in  our  latitude,  has  been  com- 
pleted, and  the  details  and  conclusions  reported  in  Part  II. 
of  the  present  report. 

Tlie  Value  of  Wheat  Bran.  —  The  results  of  a  study  of  the 
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cost  of  digestible  protein  and  total  digestible  matter  in  wheat 
bran,  as  well  as  the  use  of  bran  in  the  farm  economy,  are 
presented  quite  fully  in  Part  IT. 

Bibhf/s  Dairy  CalxC. — Digestion  tests  and  an  expermient 
with  dairy  cows  have  been  completed  with  this  feed.  The 
details  of  the  experiment,  and  the  conclusions,  will  be  found 
as  a  portion  of  Part  II. 

Marl:et  Milk,  its  Pfoduction  and  Composition. — This 
department  has  investigated  the  conditions  governing  the 
production  of  milk  in  the  territory  supplying  Amherst  and 
Northampton,  as  well  as  the  chemical  and  bacteriological 
composition  of  the  milk.  It  is  believed  that  the  methods  of 
production  and  the  quality  of  the  product  are  much  the  same 
as  in  other  sections  of  the  State.  In  general,  it  may  be 
said  that : — 

1.  The  sanitary  conditions  on  the  whole  were  unsatis- 
factory. 

2.  The  majorit}^  of  producers  were  not  familiar  with,  or 
did  not  apply,  the  teachings  of  modern  dairy  })rinciples. 

3.  The  chemical  composition  of  most  of  the  milk  was  above 
the  Massachusetts  standard. 

4.  A  great  deal  of  the  milk  contains  an  excess  of  bacteria, 
and  indicated  unsanitary  methods  of  handling. 

5.  The  milk  was  practically  all  retailed  at  6  cents  a  quart, 
—  a  })rice  too  low  to  enable  the  producer  to  profitably  i)i'()- 
duce  an  article  under  satisfoctory  sanitary  conditions. 

It  is  believed  that  producers  supplying  milk  for  human 
consumption  should  be  subject  to  a  system  of  regular,  corii- 
petent  inspection,  and  that  no  one  should  receive  a  license 
who  does  not  conform  to  reasonable  sanitary  conditions.  The 
pul)lic  needs  to  be  educated  relative  to  the  great  food  value 
of  milk,  and  ought  to  be  willing  to  pay  a  fair  price  for  an 
ajjproved  article.  It  is  hoped  to  soon  })ublisli  the  detailed 
results  of  this  investigation  in  bulletin  form. 

Digestion  Experiments  frith  Sheep. — There  have  been 
completed  digestion  experiments  Avith  soy  liean  fodder, 
Eureka  corn  fodder  and  Eureka  corn  stover.  Pride  of  the 
North  corn  stover,  Blomo  feed  for  horses,  malt  sprouts, 
Sucrene,   Holslein   and    Macon    sugar   feeds,    hominy   fecnl. 


ISiOi;.]  PUBLIC    DOCUMEXT  — No.  83.  75 

buckwheat  and  oat  middlings.  The  results  have  been  incor- 
porated in  the  tables  of  digestion  coefficients,  in  the  Appen- 
dix. The  details  of  these  experiments  and  a  discussion  of 
the  results  are  reserved  for  a  future  publication. 

SorgJium  and  Othev  Forage  Croj).^.  —  Trials  of  a  variety 
of  green  crops  for  summer  soiling  are  conducted  eaeh  year. 
Sorghum  has  been  given  particular  attention  for  the  last  two 
years.  A  very  complete  analysis  of  this  crop  has  been  made 
at  different  stages  of  growth,  and,  likewise,  digestion  trials 
with  sheep,  the  results  of  which  are  not  as  yet  completed. 
The  seed  ^  was  sown  broadcast  at  the  rate  of  1  bushel  per 
acre,  the  25th  of  May.  Cutting  Avas  begun  as  soon  as  the 
heads  appeared  (about  August  10) ,  and  the  yield  was  at  the 
rate  of  19  tons  to  the  acre.  The  animals  ate  it  well,  and  it 
should  prove  a  satisfactory  addition  to  the  list  of  green 
feeds.  A  more  detailed  statement  concerning  the  quality 
and  value  of  this  crop  for  soiling  will  be  given  in  a  future 
publication. 

The  station  has  found  the  following  crops  quite  satisfac- 
tory for  soiling  purposes  :  peas  and  oats,  the  first  seeding  to 
be  made  April  25  and  each  ten  days  thereafter,  ready  to  cut 
from  June  25  to  July  20  ;  barnyard  millet,  first  seeding  to 
be  made  May  25  and  another  seeding  two  weeks  later,  ready 
for  feeding  from  July  20  to  August  10  ;  sorghum  to  be 
seeded  May  25,  ready  to  cut  August  10  to  80  ;  Stowell's 
Evergreen  sweet  corn,  or  Longfellow  field  corn,  seeded  May 
15  to  20,  will  serve  admirably  for  September  green  fodder, 
and  later  if  frosts  are  not  severe. 

Soy  beans  may  be  sown  with  the  corn,  but  it  is  believed 
that,  on  the  whole,  more  satisfactory  results  can  be  o])tained 
by  cultivating  each  crop  separately.  It  is  hoped  to  pub- 
lish a  bulletin  on  the  subject  of  soiling  in  the  near  future. 
Copies  of  a  former  bulletin  on  this  subject  (No.  72)  are  not 
available. 

Useful  Legumes,  —  A  study  has  been  made  of  the  com- 
position, digestibility  and  yields  of  the  more  prominent 
leguminous  crops,  with  a  view  to  determine  their  practical 
adaptability  to  New  England  conditions,  and  it  is  desired 

'  Seed  imrchased  of  Wm.  Henry  Maule,  Philadelphia,  Pa.,  at  .'ii!2.25  a  bushel. 
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to  publish  a  concise  description  of  this  work  in  tlie  near 
future. 

Clover  is  unquestionably  the  most  valuable  legume,  serv- 
ing admirably  as  a  soil  renovator,  cover  crop,  soiling  crop, 
and  as  a  component  of  the  hay  crop.  Canada  peas  are 
valuable  chiefly  for  soiling  purposes,  and  in  some  cases  as  a 
cover  crop.  Sand  vetch  (  Vicia  sativa)  makes  a  good  leg- 
ume to  be  sown  in  the  autumn  with  wheat  for  early  summer 
soiling.  It  also  serves  as  a  soil  renovator  and  as  a  cover 
crop.  Shammol,  in  Bulletin  No,  141)  of  the  Connecticut 
Experiment  Station,  has  called  attention  to  the  value  of  this 
plant  when  sown  after  the  removal  of  tobacco.  It  blossoms 
about  June  1,  and  can  then  be  plowed  under,  adding  mate- 
rially to  the  humus  and  nitrogen  content  of  the  soil.  It 
seeds  poorly,  and  the  seed  is  very  expensive,  which  will 
naturally  nmch  restrict  its  use.  Alfalfa  has  been  tried  re- 
peatedly on  the  station  ground  under  favorable  conditions, 
but  it  has  not  as  yet  proved  a  satisfactory  crop  for  practical 
purposes.  It  is  afl'ected  with  "  leaf-spot,"  winter-kills,  and 
is  crowded  out  by  clover  and  grasses.  Occasionally  one 
hears  of  successes  by  Massachusetts  farmers.  It  is  sug- 
gested that  our  farmers  try  it  in  a  small  way  (1/4  acre),  and 
see  if  it  will  thrive  in  their  locality.  Soy  beans  (Brooks's 
medium  green)  and  several  varieties  of  cow  peas  have  been 
carefully  studied  ;  the  latter  are  best  suited  to  a  more  south- 
ern climate.  The  soy  beans  thrive  well  in  Massachusetts, 
and  may  be  used  with  satisfaction  as  a  soiling  crop,  and 
mixed  with  corn  for  silage  purposes.  It  is  believed,  how- 
ever, that  it  will  prove  more  economical,  as  a  rule,  for 
farmers  and  dairymen  possessing  satisfactory  markets  and 
railroad  facilities  to  purchase  their  protein  in  the  form  of 
high-grade  concentrates,  rather  than  attempt  to  grow  it  in 
the  form  of  soy  bean  forage  or  seed.  Soy  beans  may  })rove 
an  ecojionncal  crop  for  localities  situated  at  some  distance 
from  markets  and  railroads. 

OomjnkUiou  of  Analyses.  —  Attention  is  called  to  the 
tables  of  composition  and  digestion  of  iVmorican  feed  stufl's, 
recently  compiled,  and  published  in  the  Apjiendix  to  this 
re^jort. 
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10.     Work  in  Progress. 

Molasses  and  Molasses  Feeds.  —  Work  is  in  progress  to 
determine  the  digestibility  and  eoniparativc  value  and  i)lace 
in  the  farm  economy  of  Porto  llieo  molasses  and  molasses 
feeds.  Feeds  of  this  character  are  being  freely  advertised 
and  sold  in  our  local  markets.  It  is  hoped  to  bring  this 
work  to  a  close  early  in  the  new  year,  and  to  report  the 
results  in  bulletin  form  within  a  short  time  thereafter. 

JSfitro-cidtures  for  Legumes.  —  The  United  States  Depart- 
ment of  Agriculture  has  called  attention  to  the  value  of  the 
cultures  produced  by  its  expert,  Dr.  Moore,  for  the  ditlerent 
leguminous  crops.  Hellriegel  of  Germany  was  the  first  to 
scientifically  demonstrate  the  symbiotic  action  of  Imcteria 
with  the  legumes,  resulting  in  the  fixation  of  atmospheric 
nitrogen.  This  subject  has  been  given  a  great  deal  of  study 
by  many  other  scientists,  particularly  by  Nobbe  and  his  co- 
Avorkcrs,  who  have  isolated  and  prepared  cultures  suited  to 
the  diilerent  varieties  of  legumes.  Moore  claims  that  he 
has  succeeded  in  isolating  and  developing  varieties  of  bac- 
teria that  arc  especially  active  as  nitrogen  gatherers.  This 
department  has  secured  the  Moore  cultures  for  two  years, 
and  used  them  upon  alfalfa,  st)y  beans  and  cow  peas.  The 
directions  were  carefully  followed  in  all  cases,  but  no  partic- 
ular results  were  obtained  that  could  be  attributed  directly 
to  the  action  of  the  apjdied  cultures.  The  yields  for  the  soy 
bean  and  cow  pea  plots  receiving  the  cultures  were  no  greater 
than  those  not  receiving  them,  neither  did  the  plots  thus 
treated  show  any  noticeable  increased  nodular  development. 
A  newl}^  seeded  piece  of  alfalfa,  inoculated  with  soil  from  an 
old  alfalfa  field,  seemed  to  receive  a  decided  help  from  the 
treatment,  judging  from  the  growth  and  apparent  vigor  of 
the  plants.  The  writer  w^oidd  in  no  way  condemn  the  Moore 
cultures,  knowing  the  progress  that  has  been  achieved  by 
numerous  investigators  along  this  line.  Farmers  may  try 
tlie  Moore  cultures  in  a  small  way,  but  should  not  be  disap- 
pointed if  the  results  are  not  as  expected.  The  daily  press 
and  popular  journals  have  made  altogether  too  extravagant 
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statements  and  claims  regarding  them.  Work  of  this  char- 
acter still  requires  much  study  before  the  highest  practical 
results  are  secured. 

11.  Changes  in  Staff. 
Albert  Parsons,  B.S.,  for  two  years  employed  as  inspector 
of  concentrated  feeds  and  of  Babcock  machines,  resigned 
July  1,  to  accept  a  i)osition  as  assistant  superintendent  at 
Hood  Farm,  Lowell,  Mass.  His  place  has  been  filled  by  the 
appointment  of  Frank  (1.  Helyar,  B.S.,  University  of  Ver- 
mont, 1905.  Joseph  G.  Cook,  B.S.,  assistant  in  animal 
nutrition,  resigned  August  1,  to  become  superintendent  of 
the  farm  at  Norfolk,  Mass.,  belonging  to  T.  D.  Cook  &  Co. 
Roy  F.  Gaskill,  a  recent  graduate  of  the  Massachusetts  Ag- 
ricultural College  dairy  course,  succeeds  him.  E.  S.  Fulton, 
B.S.,  assistant  chemist,  severed  his  connection  with  this 
department  September  15,  having  received  an  ap})ointment 
with  Dr.  F.  G.  Benedict  of  Wesleyan  University  of  Middle- 
town,  C'onn.,  who  has  charge  of  the  nutrition  investigations 
for  the  United  States  Department  of  Agriculture.  Mr.  A. 
C.  Whittier,  B.S.,  University  of  Maine,  11)05,  has  taken 
Mr.  Fulton's  i)lace.  The  Avriter  desires  to  express  his  high- 
est appreciation  of  the  faithfulness,  interest  and  care  exer- 
cised by  all  his  co-workers  in  the  prosecution  of  the  various 
lines  of  work  undertaken  by  this  de})artment  during  the  past 
year. 
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Part  II.  —  Experiments  in  Animal  Nutrition. 


1.     Bibby's  Dairy  Cake. 


.1.    li.    IJNDSKV 


JSfaiure  and  Composition  of  the  Oal'e. 
This  material  is  made  by  J.  Bibby  &  Sons,  Liverpool, 
Eng.,  and  is  imported  in  tlie  form  of  cake.  It  is  composed 
chiefly  of  ground  cotton-seed,  together  with  locust  or  carob 
bean,^  cereals  (maize,  wheat,  etc.)  or  their  by-products, 
fenugreek  and  salt ;  it  possesses  a  pleasant  taste  and  smell. 
A  number  of  samples  have  l)een  found  that  Avere  quite 
mouldy,  having  probably  l)een  stored  in  a  damj)  place.  The 
sample  used  in  the  feeding  experiment  herein  described  had 
the  following  composition  :  — 


Bibby's  Dairy 
Cake. 


Standard  Wheat 
Middlings  for 
Comparison. 


Gluten  Feed  for 
Comparison. 


Water,    . 

Ash, 
rrotcin,  . 
Fiber, 

Extract  in  utter, 
Fat, 


11.96 
7.89 

17.99 
7.91 

45.05 
9.20 


10. 00 
4.30 

18.00 
7.00 

55.70 
5.00 


9.69 

1.40 
23.55 

7.15 
55.08 

3.13 


The  cake  has  a  high  ash  i)ercentage,  due  partly  to  the 
presence  of  added  salt,  a  moderate  amount  of  protein  and 


1  With  E.  B.  Holland,  P.  H.  Smith  and  J.  G.  Cook. 

^  The  locust  or  carob  tree  is  cultivated  in  Sj)ain,  the  eastern  Mediterranean 
regions  and  Egypt.  The  pods  contain  considerable  quantities  of  sugar,  and  are 
eaten  by  both  men  and  animals. 
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filler,  and  (juite  a  noticeable  per  cent,  of  fat.  It  i.s  guaran- 
teed to  contain  18  to  20  per  cent,  of  protein  and  6  to  8  per 
cent,  of  fat,  and  usually  meets  these  requirements.  It  has 
not  1)een  found  to  be  very  generally  distributed. 

Digestihiliti/  of  Blbhifs  Dalnj  Cake. 
The  average  results  of  six  single  trials  with  sheep  are  here 
ofiven,  together  with  the  coefficients  for  standard  wheat  mid- 
dlings  and  gluten  feed  for  comparison.  The  full  details  of 
the  digestion  experiment  have  been  reported  in  the  seven- 
teenth report  of  this  station. 

Coefficients  of  Digestibility . 


In  the  several  trials  with  Bibby's  dairy  cake  the  sheep 
experienced  considerable  difficulty  in  digesting  the  crude 
fiber,  due  probably  to  the  fact  that  it  was  derived  largely 
from  cotton-seed  hulls.  It  ma}'  be  said  that  the  total  cake 
})rovcd  moderately  digestible,  the  fiber  having  a  low  and  the 
fat  a  high  digestibility.  Both  in  chemical  composition  and 
in  digestibility  Bibby's  dairy  cake  closely  resembled  standard 
wheat  middlings.  Gluten  feed  contains  5  to  6  per  cent, 
more  protein,  and  is  more  digestible  than  the  cake. 


Cost  of  Digestible  Matter. 


Bibby's  Dairy 
Cake. 


Standard  Wheat 
Middlings. 


Gluten  Feed. 


PoundB    digestible    mattor    in    2,000 

pounds. 
Cost  of  one  pound  (cents),    ,       , 


1,232 
2.43 


1,314 
2.11 


1.72 
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The  above  figures  arc  l)ased  on  the  average  wholesale 
prices  of  middlings  and  gluten  feed  for  the  year  1904,  plus 
10  per  cent.;  namely,  $2(>.70  for  middlings  and  $27.72  for 
gluten  feed.  Bibby's  dairy  cake  cost  |30  a  ton.  The  cal- 
culations show  that  a  ton  of  wheat  middlings  furnished  rather 
more  digestible  matter  than  a  ton  of  Bibby's  dairy  cake,  and 
at  a  somewhat  less  cost  a  })ound.  They  further  show  that, 
if  1,550  pounds  of  digestible  matter  in  a  ton  of  gluten  feed 
could  be  purchased  for  $27.72,  1,232  pounds,  being  the 
quantity  contained  in  a  ton  of  Bibby's  dairy  cake,  ought  not 
to  cost  over  $22.  In  other  words,  Bibby's  dairy  cake  at  $30 
a  ton  furnishes  digestible  matter  at  some  37  per  cent,  ad- 
vance over  that  contained  in  gluten  feed  at  $27.72  a  ton. 


Feediwj   Exjierhnent    wlfJi.   Bibby's   Dairij    Cake,    Sjjring, 

1904. 
In  order  to  test  the  efficacy  of  this  cake  as  a  food  for  milk 
production,  four  cows  were  divided  as  evenly  as  possil)le 
into  two  groups,  and  fed  by  the  reversal  method.  All  of 
the  cows  received  first-cut  hay,  ro wen  and  bran  as  a  basal 
ration.  In  the  first  half,  two  of  the  coavs  received  a  definite 
quantity  of  the  dairy  cake  and  the  other  two  a  like  quantity 
of  oluten  feed  :  in  the  second  half,  these  two  o-rain  feeds  were 

reversed. 

Dtiration  of  Experiment. 


Periods. 

Dates. 

Gluten  Feed  Ration. 

Bibby's  Dairy 
Cake  Ration. 

I.,       . 
II.,     . 

May  7  through  May  27. 
June  4  through  June  24. 

Red  II.  and  Brighty. 
Linnie  and  Blanche. 

Linnie  and  Blanclie. 
Red  II.  and  Brighty. 

Care  of  the  Animals.  —  The  cows  were  kept  in  roomy 
stalls,  well  carded,  and  turned  into  the  yard  some  six  or 
more  hours  each  pleasant  day. 

Method  of  Feedinrj .  —  The  animals  were  fed  tAvice  daily, 
the  hay  being  given  about  an  hour  before  milking,  and  the 
grain  mixtures  just  l)efore  milking.  The  several  grains 
were  well  mixed  before  being  fed.  Bibby's  dairy  cake  was 
ground  to  the  fineness  of  ordinary  meal.  Water  was  sup- 
plied the  animals  constantly  by  means  of  a  self-watering 
device. 
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Oharadev  of  Feeds.  — The  first-cut  hay  was  a  mixture  of 
Kentucky  blue-grass,  timothy  and  red  clover.  The  rowen 
was  a  mixture  of  second  growth  of  grass  and  red  clover, 
secured  in  good  condition.  The  spring  Ijran,  gluten  feed 
and  Bibby's  dairy  cake  were  of  good  average  quality. 

Weighinf/  the  Animals.  — The  animals  were  weighed  for 
three  consecutive  days  at  the  beginning  and  end  of  each  half 
of  the  trial. 

Sampling  Feeds. — The  hay  and  rowen  were  sampled  at 
the  beginning,  middle  and  end  of  each  half  of  the  trial,  dry 
matter  determinations  made  at  once,  and  the  several  samples 
mixed  for  jinalysis.  The  grains  Avere  sampled  daily,  and 
preserved  in  glass-stoppered  bottles.  The  cows  received 
two  ounces  of  salt  daily. 

Sampling  the  Milk.  —  The  milk  of  each  cow  was  sampled 
twice  daily  for  five  consecutive  days  of  each  week,  and  pre- 
served with  formaline  in  tightly  corked  bottles.  The  method 
of  sampling  consisted  in  mixing  the  freshly  drawn  milk  with 
an  especially  constructed  mixer,  and  immediately  removing 
a  small  dipperful.  Determinations  of  fat  were  made  weekly, 
and  solids  every  other  week. 


History 

of  the  Cows,  Sj)ring,  1904. 

Name. 

Breed. 

Age 

(Years). 

Last  Calf  dropped. 

Number  of 

Days  witli 

Calf. 

Milk  Yields, 

Beginning  of 

Experiment 

(Pounds) . 

Red  II.,    . 

Brighty,  . 
Linnie, 
Blanche,  . 

Jersey-Durham, 
Grade  Jersey,     . 
Grade  Jersey,     . 
Grade  Jersey,     . 

8 
8 
7 
9 

December,  1903. 
August,  1903. 
October,  1903. 
August,  1903. 

59 
124 

65 
121 

30 
17 
21 
22 

Daily  Rations  consumed  (Poioids). 


Ration. 

Cows. 

Hay. 

Rowen. 

Bran. 

Gluten 
Feed. 

Bibby's 
Dairy  Cake. 

Gluten  feed,      . 

Red  II.,    . 

Brighty,   . 
Linnie, 
Blanche,  . 

18 
14 
14 
17 

6 
6 
6 
6 

4 
3 
3 
8 

4 
3 
3 
4 

- 

Bibby's  dairy  cake, . 

Red  II.,    . 

Brighty,  . 
Linnie,     . 
Blanche,  . 

18 
14 
14 
17 

6 
C 
6 
6 

4 
3 
3 
3 

- 

4 
3 
3 

4 

Average,     gluten 

feed  ration. 
Average,  Bibby's 
dairy  cake  ration. 

15.75 
15.75 

6 
0 

3.25 
3.25 

3.5 

3.5 
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It  will  be  seen  that  the  cows  received  the  same  basal  ration 
daily,  and  in  addition  averaged  3.5  })()nnds  of  gluten  feed  or 
dairy  cake. 

Average  Drij  Matter  and  IHgcstiblc  Organic  Nutrients  in  Daily  Balion 

{Pounds). 


Dry 

Matter. 

Digestible  Organic  Nutrients. 

Nutritive 
Ratio. 

Ration. 

Protein. 

Fibpr        Extract 
*"'®'^-      Matter. 

Fat. 

Total. 

Gluten  feed,  average,    . 

Bibby's  dairy  cake, 
average. 

24.99 
24.91 

2.. 36 
2.07 

4.15 
3.96 

7.73 

7.27 

..35 

.36 

14.59 
13.86 

1:  5.4 
1:  6.0 

The  two  rations  furnished  the  same  quantity  of  total  dry 
matter  daily.  The  Bibby's  dairy  cake  ration  contained 
rather  less  protein  and  about  three-fourths  of  a  ponnd  less 
total  digestible  matter.  This  was  due  principally  to  the  fact 
that  Bibby's  dairy  cake  was  less  digestible  than  the  gluten 
feed.  It  would  naturally  be  expected  that  Bibby's  dairy 
cake  ration  would  produce  rather  less  milk,  or  cause  the 
animals  to  shrink  somewhat  in  live  weio;ht. 


Total  Yields 

of  Milk  Product 

s  (^Pounds'). 

Ration. 

Total 
Milk. 

Average 
Daily 
Yield. 

Total 
Solids. 

Total 
Fat. 

Butter 
Equivalent 
85  Per  Cent. 

Gluten  feed 

Bibby's  dairy  cake, 

1,860.04 
1,830.01 

22.14 
21.79 

256.12 
251.20 

89.89 
90.00 

105.75 

105.88 

The  jdelds  obtained  from  the  two  rations,  covering  a 
period  of  twenty-one  days  in  each  case,  were  practically 
identical.  If  the  periods  had  covered  twice  the  length  of 
time,  the  results  would  have  been  regarded  as  more  satis- 
factory. Longer  periods  were  not  i)racticable,  owing  to  the 
condition  of  the  animals  and  the  nearness  of  summer  weather. 


Average  Composition  of  the  Herd  Milk. 

Ration. 

Total  Solids 
(Per  Cent.). 

Fat 
(Per  Cent.). 

Gluten  feed 

Bibby's  dairy  rake, 

13.77 
13.73 

4.83 
4.92 
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The  two   rations   })roduced   milk   having   practically   the 
same  composition. 

Food  Cost  of  Milk  Products. 


Ration. 

Total  Milk. 

One  Hundred 
Pounds  Milk. 

One  Pound 
Butter. 

Gluten  feed, 

Bibby's  d.airy  cake, 

Percentage  increased  cost  with  Uiliby's 
dairy  cake. 

$•20  85 
2-2  03 

5.6fi 

$1  12 
1  20 

7.U 

$0  20 
21 

5.00 

In  calculatino-  the  above  results,  srluten  feed  was  charsred 
at  $27.72  a  ton,  Bibby's  dairy  cake  at  |oO,  Ijran  at  $20,  hay 
at  $15  and  ro^ven  at  $14.  The  increased  cost  of  the  milk 
and  butter  produced  hy  the  Bibby's  dairy  cake  ration  was 
due  to  the  price  asked  for  Bil)by's  dairy  cake. 


Herd  Gain  or  Loss  in  Live  Weight 

Ration. 

Total  Gain  or  Loss. 

43  + 

Bibby's  dairy  cake 

There  appeared  to  have  been  a  slight  gain  in  live  weight 
produced  by  the  gluten  ration.  During  the  Bibby's  dairy 
cake  period  the  weight  remained  constant. 

1 .  Bibby's  dairy  cake,  a  manufactured  product,  resembles 
in  cheniical  composition  and  (b'gestibility  standard  wheat 
middlings.  It  has  a  sweet  taste  and  an  agreeable  flavor  and 
odor,  due  to  the  presence  of  the  carob  bean,  fenugreek  and 
salt. 

2.  It  Avas  found  to  contain  slightly  less  digestible  matter 
than  middlings,  and  some  20  per  cent,  less  than  gluten  feed. 
On  the  basis  of  digestible  matter  contained  in  the  Bibby's 
dairy  cake  and  in  first-class  gluten  feed,  the  former  should 
sell  for  20  per  cent.  less  a  ton. 

3.  AVhile  the  cake  is  readily  eaten  and  highly  relished  by 
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all  farm  animals,  it  is  bclicvod  that  the  agrecal)lo  flavor  and 
odor  do  not  make  it  worth  the  extra  i)rice  asked. 

4.  In  the  feeding  experiment,  lasting  twenty-one  days, 
the  four  cows  produced  practically  as  much  milk  on  the 
Bibhv's  dairy  cake  as  on  the  gluten  feed  ration  ;  the  latter 
ration  i)r()duced  a  slight  gain  in  live  weight.  The  cost  of 
milk  and  Inilter  was  noticeably  more  on  the  Bibby's  dairy 
cake  ration.  The  experiment  indicates  that  the  Bibby's 
dairy  cake  ration  furnished  a  sufficient  quantity  of  digestible 
matter  to  meet  the  requirements  of  the  several  cows.  Had 
the  periods  been  longer,  and  the  cows  in  a  less  advanced 
period  of  lactation,  it  is  believed  the  diflerenccs  would  have 
been  more  striking. 

5.  Bibb3^'s  dairy  cake,  at  prevailing  market  prices,  is  not 
regarded  as  an  economical  concentrate  ;  it  can  be  used,  how- 
ever, if  desired,  as  the  exclusive  grain  ration  for  sheep, 
young  dairy  stock  and  milch  cows.  From  5  to  8  pounds 
would  be  the  usual  daily  allowance  for  the  latter  animals. 
Its  chief  use  should  l)e  as  an  appetizer,  to  be  mixed  in  small 
tjuantities  with  foods  that,  because  of  an  inferior  flavor, 
would  not  be  otherwise  readily  consumed. 

From  the  standpoint  of  economy,  farmers  will  do  well  to 
produce  their  ha}^  silage  and  corn  meal,  and  to  purchase 
only  those  manufactured  concentrates  that  are  rich  in  protein, 
such  as  cotton-seed  meal,  gluten  feed,  distillers'  and  brewers' 
dried  i>Tains,  wheat  middlinij^s  and  bran. 
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Eureka   Silage   Corn,  —  its  Value  for  Massachu- 
setts Farmers. 


J.    1-..    LINDSEV   AND    V.    II.    SMITH. 


This  corn  is  said  to  have  originated  in  Virginia.  It  is  a 
large  southern  dent,  and  is  considerably  used  for  silage  pur- 
poses by  New  England  farmers. 

Brooks  1  of  this  station  compared  a  number  of  dent  varieties 
durino-  the  season  of  1901.  The  Eureka  grew  to  be  15  feet 
high,  appeared  to  be  quite  heavily  leaved,  and  when  cut, 
September  14,  the  ears  were  just  forming.  This  variety 
yielded  rather  heavier  than  the  others,  producing  at  the  rate 
of  24  tons  to  the  acre,  containing  8,944  pounds  of  dry 
matter.  Its  digestibility  was  not  determined.  Brooks  con- 
cluded that  the  heavy  dents  were  not  as  satisfactory  as  the 
smaller  varieties  for  New  England  conditions.  At  the  solici- 
tation of  Ross  Bros,  of  Worcester,  who  recommend  and  sell 
the  Eureka  seed  for  silage  purposes,  this  department  has 
made  a  more  thorough  study  of  the  Eureka,  and  briefly  pre- 
sents the  results  and  conclusions  in  the  following  pages. 

Croj)  of  1903. 
One-fourth  acre  of  medium  well-drained  loam,  in  a  good 
state  of  fertility,  was  treated  with  manure  from  well-fed 
dairy  cow^s,  at  the  rate  of  6  cords  to  the  acre.  The  manure 
was  plowed  in,  and  the  land  well  fitted  and  seeded  May  20, 
with  Eureka  corn,  obtained  of  Ross  Bros.  The  seed  came 
up  well,  and  the  corn  made  as  good  growth  as  could  be 
expected  during  the  exceptionally  cool  season.  Frosts  held 
off  until  nearly  the  1st  of  October,  and  the  corn  was  allowed 
to  grow  until  Septemlier  25,  in  order  to  insure  a  maximum 

'  Fourteenth  aumiul  report  of  the  Hatch  Experiiiient  Station,  ])]>.  ."i'J-IU. 
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development.  At  that  time  it  averaged  11^^  feet  in  heioht, 
the  ears  had  formed,  and  the  kernels  were  jus(  beginning  to 
develop.  When  eut,  it  contained  82.6  per  cent,  of  water,  and 
yielded  at  the  rate  of  15  tons  of  green  material  to  the  acre. 

Crop  of  1904. 
One-third  of  an  acre  of  well-drained,  light  loam  Avas 
l)lowed,  manured  at  the  rate  of  (5  cords  to  the  acre  and  well 
titted.  The  area  was  divided  into  two  halves,  and  planted 
with  Eureka  and  Sibley's  Pride  of  the  North  corn,  the  latter 
a  medium  dent  that  will  mature  its  seed  in  our  latitude. 
Some  of  the  seed  failed  to  germinate,  more  particularly  the 
Eureka,  which  necessitated  some  replanting.  When  the 
corn 'was  15  inches  high  it  was  thinned  to  about  one  stalk 
to  the  foot.  The  area  was  kept  well  cultivated  and  free 
from  weeds.  On  July  12  the  corn  was  growing  fast  and 
looked  healthy,  the  Eureka  being  the  taller.  August  15 
the  Pride  of  the  North  was  Avell  tasseled  and  silked,  while 
the  Eureka  tassels  were  just  showing.  The  corn  was  cut 
September  15,  at  which  time  the  Pride  of  the  North  averaged 
9  to  10  feet  in  height  and  was  fairly  ripe,  with  kernels  glaz- 
ing. The  Eureka  was  12  to  13  feet  high  and  quite  immature, 
the  ears  being  small  and  the  kernels  scarcely  formed.  Two 
plats,  each  175  by  35  feet,  were  cut,  stooked  and  eventually 
carried  to  the  barn  and  carefully  weighed.  The  Eureka 
yielded  1)36  pounds  of  dry  matter,  equal  to  6,683  pounds 
per  acre,  equivalent  to  20.4  tons  of  green  corn  (83.6  per 
cent,  water)  ;  the  Pride  of  the  North  yielded  877  pounds 
of  dry  matter,  equal  to  6,262  pounds  per  acre,  equivalent 
to  13.9  tons  of  green  corn  (77.5  per  cent,  water). 

Composition  of  Green  Corn  {Per  Cent.). 


Water 

Ash 

Protein, 

Fiber 

Nitrogen-free  extract, 
Fat 


82.60 
1.08 
1.63 
4.77 
9.65 
.•27 

100.00 


1904. 


83.60 
1.08 
1.48 
5.48 
8.11 
.25 

100.00 


Pride  of  the 
North,  190*. 


77.50 
1.05 
1.85 
4.97 

14. 0(! 
.57 

100.00 
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The  above  analyses  show  that  the  Eureka,  when  cut  in 
September,  contained  considerably  more  water  and  notice- 
ably less  nitrogen-free  extract  matter  and  fat  than  the  Pride 
of  the  North. 

Composition  of  Dry  Matter  (Per  Cent.). 


Whole  Plant. 

Stover. 

EUBEKA. 

Pride 
of  tlie 
North, 
1904. 

Eureka, 
1904. 

Pride 
of  the 
North, 
1904. 

Average, 

Forty-oue 

Analyses,  for 

Comparison. 

1903. 

1904. 

Ash, 

C.I91 

7.t<52 

6.58 

4. 67 

6.96 

6.77 

6. CO 

Protein, . 

9.34 

9.82 

9.01 

8.22 

8.00 

7.23 

7.60 

Fiber,     . 

27.41 

32.70 

33.43 

22.11 

36.49 

34.45 

34.20 

Extract, 

55.52 

47.90 

49.47 

62.47 

47-19 

50.01 

50.20 

Fiit, 

1.54 

1.73 

1.51 

2., 53 

1.36 

1.54 

1.40 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

'  Wlieu  cut  in  autumn. 


After  Ijeins  housed  in  barn  until  IMarch. 


The  differences  in  the  composition  are  much  more  notice- 
able with  the  w^ater  eliminated.  The  Eureka  (whole  plant) 
contained  decidedly  more  ash  and  fiber,  rather  more  protein 
and  much  less  extract  matter  than  the  Pride  of  the  North. 

The  analyses  show  that  the  Pride  of  the  North  had  reached 
a  more  advanced  stage  of  development  than  the  Eureka,  and 
consequently  contained  a  much  larger  proportion  of  starchy 
matter.  The  stover  from  the  two  varieties  was  quite  similar 
in  composition. 

Percentage  of  Water  in  Field-cured  Material. 


Eureka. 

Pride  op  the  North. 

Whole  Plant. 

Stover. 

Whole  Plant. 

Stover. 

59.921          C8.922 

62.89S 

37.84* 

18.13  = 

•  After  being  cured  in  barn  for  six  months,  1903.         -  As  it  came  from  field,  1904. 
8  After  lieinjj;  in  barn  about  a  month,  1904.  *  As  it  came  from  field,  1904. 

^  After  being  in  barn  about  three  months. 


The  field-cured  Eureka  still  continued  to  contain  a  high 
moisture  content,  due  j^'obably  to  its  immaturity  and  to  its 
unusually  coarse,  porous  stems. 
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The  Prid(^  of  the  North  li;id  about  the  usual  water  content 
for  matured  corn  that  had  licen  ficdd  cured.  These  fit>-urcs 
show  that  in  a  ton  of  dried  Eureka  fodder,  as  drawn  to  the 
]xirn,  there  would  be  1,380  pounds  of  water  and  620  pounds 
of  dry  matter ;  and  in  a  ton  of  Pride  of  the  North  there 
would  be  757  pounds  of  water  and  1,243  pounds  of  dry 
matter  ;  in  other  words,  each  ton  of  Pride  of  the  North  would 
have  twice  the  feedino-  value  of  Eureka,  without  takinsf  into 
consideration  the  superior  nutritive  character  of  the  dry 
matter,  which  will  be  alluded  to  under  another  heading. 

The  corn  stover  derived  from  the  two  varieties  likewise 
showed  marked  differences  in  the  water  percentage  present. 
The  barn-cured  Pride  of  the  North  stover  was  exceptionally 
dry. 

Compositio7i  of  Paris  of  Corn  (^Per  Cent.). 
[Dry  Matter.] 


Leaves. 

Stalks. 

Ears. 

Husks. 

Eureka. 

Pride 
of  the 
North. 

Eureka. 

Pride 
of  the 
North. 

Eureka. 

Pride 
of  the 
North. 

Eureka. 

Pride 
of  the 
North. 

Ash,     .... 

8.98 

9.42 

5.42 

5.81 

3.25 

1.95 

3.02 

3.17 

Protein, 

14.53 

14.53 

4.80 

4.55 

12.00 

9.82 

8.0G 

5.40 

Fiber 

28.43 

25.00 

35.77 

31.94 

19.47 

11.37 

24.64 

27.32 

Extract, 

45.03 

47.63 

52.94 

56.82 

63.84 

73.65 

62.22 

62.70 

Fat 

2.43 

3.42 

1.07 

.88 

1.44 

3.21 

1.46 

1.41 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

The  samples  were  taken  immediately  after  the  corn  was 
cut  ( September  15),  dried  at  a  low  heat,  and  preserved  in 
glass-stoppered  bottles.  The  leaves  of  the  two  varieties 
were  similar  in  composition,  and  are  the  most  valuable  parts 
of  the  plant,  aside  from  the  ears.  The  stalks  of  the  Eureka 
were  characterized  by  containing  more  filler  than  the  other 
variety.  The  ears  produced  by  the  Eureka  contained  rather 
more  protein  and  ash,  decidedly  more  fiber  and  noticeably 
less  fat  and  extract  matter  than  those  yielded  by  the  Pride 
of  the  North.  The  analyses  make  clear  that  the  ears  ob- 
tained from  the  Eureka  were  quite  imperfectly  developed. 
The  composition  of  the  husks  was  more  uniform. 
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Digestibility  of  the  Corn. 
The  first  digestion  experiment  was  made  in  the  autumn 
of  1903,  with  the  Eureka  green  corn.  Another  experiment 
was  made  with  the  same  corn,  after  it  liad  been  cured  and 
housed  for  six  months.  Unfortunately,  a  digestion  test  was 
not  made  witli  the  Pride  of  tlie  North  (  wliole  plant) .  During 
the  autumn  of  1905,  therefore,  another  sample  of  this  variety 
was  tested  for  digestibility.  It  was  fully  developed  and  well 
eared.  Other  experiments  were  made  to  test  the  digesti- 
bility of  the  stover  of  each  of  the  two  varieties  produced  in 
1904.  The  several  tests  were  made  with  the  same  sheep  in 
each  case,  the  results  of  which  follow  :  — 


I>i-y  matter, 
Ash,     .        .      '  . 
Protein, 

Fiber 

Nitrogen-free  extract, 
Fat 


ECKEKA. 

Green, 
1903 

Dry, 
1903 

(Tliree 
Sheep) . 

(Two 
Slieep) . 

67 

64 

42 

40 

67 

57 

60 

72 

72 

64 

66     . 

62 

Pride  of  the 

North,  Green, 

1905 (Two 

Slieep) . 


Pride  of  the 

North,  Stover, 

1904 (Two 

Sheep) . 


The  green  Eureka  fodder  (whole  plant)  and  the  same 
material  dried  showed  only  slight  variation  in  the  digesti- 
bility of  total  dry  matter.  The  results  correspond  closely 
with  those  obtained  by  other  experimenters  with  large 
southern  varieties  at  a  similar  stage  of  growth.  For  some 
reason  the  fiber  in  the  dry  material  was  more  fully  digested 
than  in  the  green  substance,  and  the  protein  and  extract 
matter  less  so.  The  Pride  of  the  North  (whole  plant) 
proved  to  be  rather  more  digestible  than  the  Eureka,  due 
to  the  fact  that  it  was  well  eared.  The  digestilile  material 
in  the  Pride  of  the  North,  because  of  its  content  of  matured 
grain,  would  naturally  yield  more  net  available  energy  than 
a  like  amount  of  digestible  matter  derived  from  the  Eureka. 
The  corn  stover  (all  ears  removed)  from  each  of  the  two 
varieties  appeared  to  be  e(|ualiy  well  digested. 
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Summary  of  Yields. 
A  definite  quantity  of  each  of  the  two  varieties  of  green 
material  was  separated  into  husks,  ears,  leaves  and  stalks, 
in  order  to  determine  the  relative  proportions  of  each.     The 
figures  show  percentages  or  pounds  in  100. 


(«) 

Yield  of 

Parts. 

Eureka. 

Pride 

OP  THE  North. 

Parts. 

First 
Trial. 

Second 
Trial. 

Average. 

First 
Trial. 

Second 
Trial. 

Average. 

Husks 

6.50 

8.00 

7.25 

10.25 

11.25 

10.75 

Ears, 

6.25 

8.25 

7.25 

21.25 

23.00 

22.11 

Leaves, .       .       .       ,       . 

22.75 

21.75 

22.25 

20.00 

20.00 

20.00 

Stalks 

65.00 

62.25 

63.62 

47.50 

46.00 

46.75 

100.50 

100.25 

100.37 

99.00 

100.25 

99.67 

The  results  are  in  accordance  with  the  teaching  of  the 
analytical  data.  The  Eureka  showed  only  7.25  per  cent,  of 
ears,  while  the  Pride  of  the  North  contained  22.11  jier  cent. 
The  Pride  of  the  North  variety  consisted  of  46.75  per 
cent,  of  stalks,  and  the  Eureka  63.62  per  cent.  The  Eureka, 
even  at  its  less  advanced  stage  of  growth,  contained  only 
slightly  more  leafy  matter  than  the  Pride  of  the  North. 

(6)  Yield x><ir  Acre  (^Pounds'). 


Eureka. 

Pride  of  the 
North,  1904. 

1903. 

1904. 

Green  material, 

30,000 

40,800 

27,800 

Dry  matter, 

5,220 

6,691 

6,255 

Estimated  digestible  matter,   . 

3,497 1 

4,4831 

4,4411 

1  Obtained  by  allowing  67  per  cent,  of  the  dry  matter  to  be  digestible  in  the  Eureka, 
and  71  per  cent,  in  the  Pride  of  the  North,  as  determined  by  actual  experiment. 


The  above  results  indicate  strongly  that  the  Eureka,  al- 
though a  larger  variety,  yielding  considerable  more  green 
material  than  the  Pride  of  the  North,  is  not  likely  to  furnish 
any  more  actual  food  to  the  acre.     In  the  present  instances. 
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the  party  drawing  the  product  of  an  acre  of  green  Eureka 
corn  to  the  barn  would  l)e  transporting  34,109  pounds  of 
water  and  0,691  of  dry  matter,  while  in  the  case  of  the 
Pride  of  the  North  he  would  cart  21,545  pounds  of  water 
and  (),255  pounds  of  dry  material  ;  in  other  words,  to  secure 
essentially  the  same  quantity  of  actual  food  in  the  Eureka  he 
would  be  required  to  handle  12,5(54  pounds  extra  water. 

It  is,  of  course,  understood  that  the  yield  would  vary 
from  3'ear  to  year,  depending  on  soil  and  climatic  conditions. 
It  is  believed,  however,  that  the  relative  proportions  would 
hold  true,  and  that  the  farmer  ^vould  secure  as  much  actual 
food  material  from  those  varieties  of  corn  that  mature  their 
seed,  without  being  obliged  to  handle  the  extra  bulk  in  the 
form  of  water. 

Oonclu!^ionfi. 

1 .  Eureka  silage  corn  is  a  late  dent  variety ;  it  has  large 
stalks,  which  appear  to  be  thickly  set  with  leaves.  During 
the  seasons  of  1903  and  1904  it  grew  11  to  13  feet  high, 
and  when  cut,  September  15,  the  ears  were  very  innnatiire 
(kernels  just  forming). 

2.  In  comparison  with  Sil)le3''s  Pride  of  the  North,  a 
medium  dent,  which  matures  its  ears  in  this  latitude,  the 
Eureka  green  corn,  when  cut,  contained  about  (5  per  cent, 
more  water,  noticeably  more  ash  and  fi])er,  and  nuich  less 
extract  matter.  The  field-cured  fodder  of  the  Eureka  still 
contained  as  high  as  09  per  cent,  of  water,  while  the  Pride 
of  the  North  contained  only  38  per  cent. 

3.  The  leaves  and  husks  of  each  variety  did  not  vary 
greatly  in  composition.  The  ears  and  stalks  of  the  Eureka 
contained  more  fil)er  and  much  less  extract  matter  and  fat 
than  those  of  the  Pride  of  the  North. 

4.  The  Eureka  green  fodder  was  found  to  l)e  07  per  cent., 
and  the  same  material  dry  64  per  cent.,  digestible  ;  a  typical 
sample  of  Pride  of  the  North,  cut  green,  was  71  per  cent, 
digtistible.  The  stover  of  l)oth  varieties  pi-oved  equall}^  di- 
gestible. 

5.  The  Eureka  yielded  al)out  the  same  relative  Aveight  of 
green  leaves  as  did  the  Pride  of  the  North.  It  produced  04 
per  cent,  of  stalks  and  7  per  cent,  of  ears,  while  the  Pride 


190(k]  public    DOCUMKNT— No.  :v.i.  93 

of  the  North  yielded  47  per  cent,  of  stalks  and  22  per  cent, 
of  ears. 

r>.  The  Eureka  produced  at  the  rate  of  20  tons  of  green 
fodder,  and  the  Pride  of  the  North  13  tons  of  green  fodder, 
to  the  acre.  The  latter,  howevei',  contained  nearly  as  much 
dry  and  digestible  matter  (actual  food  material)  as  did  the 
former.  The  excess  yield  of  Eureka  green  corn,  therefore, 
consisted  of  water. 

7.  Had  the  seasons  of  1903  and  1904  ])een  more  favorable 
to  the  groAvih  of  corn,  it  is  probable  that  both  varieties 
would  have  produced  larger  yields.  It  is  very  doubtful, 
however,  if  the  Eureka  would  have  matured  its  grain. 

The  writer,  therefore,  thinks  it  unwise  to  grow  such  late 
dents  as  the  Eureka,  and  believes  the  northern  farmer  will 
secure  1)etter  feed  for  less  money  by  holding  fast  to  those 
varieties  that  will  mature  not  later  than  September  10  or  15. 

It  is  well  known  that  immature  corn,  such  as  the  Eureka, 
undergoes  more  serious  decomposition  when  ensiled  than 
do  well-matured  varieties,  which  would  still  further  detract 
from  its  nutritive  value. 
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3.     Concerning  Wheat  Bran. 


J.    B.    LINDSEY.' 


(1)      Lit  rod  action. 

Until  within  comparatively  recent  times,  wheat  bran  and 
corn  meal  have  formed  the  two  staple  concentrated  feeds  for 
dairy  stock,  and  in  spite  of  the  large  variety  of  concentrates 
now  in  the  market,  the  former  still  continues  to  be  used 
largely  by  the  great  majority  of  dairymen  in  our  eastern 
States.  The  reasons  for  this  are  not  difficult  to  find.  A 
good  quality  of  bran  is  uniformly  palatable  ;  it  can  be  fed  in 
consideraljle  quantities  without  producing  any  ill  effects  ;  it 
acts  as  a  slight  laxative  ;  it  furnishes  more  digestible  protein 
than  corn  ;  and  it  serves  as  a  very  satisfactory  diluter  or  dis- 
tributer of  the  heavy  concentrates,  such  as  the  glutens,  cot- 
ton-seed meal  and  flour  middlings.  It  is  believed,  however, 
that  the  nutritive  material  contained  in  bran  can  Ije  pur- 
chased more  cheaply  in  other  concentrates,  and  that  New 
England  farmers  often  use  more  of  it  than  economy  war- 
rants. 

Attention  is  called  in  the  present  paper  to  the  composi- 
tion, digestibility,  cost  of  digestible  matter  and  the  fertilizer 
ingredients  in  bran,  as  compared  with  other  concentrated 
feeds,  and  likewise  to  experiments  I.  and  II.,  in  which  corn 
silage  is  compared  with  wheat  bran  as  a  distril)uter  of  the 
heavy  concentrates.  Note  particularly  the  Ijrief  discussion 
of  the  results,  at  the  end  of  the  article. 

'  With  E.  B.  Holland,  P.  H.  Smith  and  J.  G.  Cook. 
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(2)     Average  Composition  of  Concentrates. 


"Wheat 
Bran. 

For  Comparison. 

Ingredients. 

Cotton- 
seed 
Meal. 

Gluten 
Feed. 

Distillers' 
Dried 
Grains. 

Brewers' 
Dried 
Grains. 

Malt 
Sprouts. 

Water 

Ash, 

Protein,         .... 

Fiber, 

Extract  niatlcr  (starcliy), 
Fat,        .... 

10.00 
6.40 
16.00 
10.00 
53.00 
4.60 

7.00 
6.. 50 
4.1.10 
6.10 
24.20 
11.10 

8.50 

1.70 
26.50 

7.20 
,'53.10 

3.00 

8.00 
1.70 
33.00 
13.10 
32.40 
11.80 

8.00 
3.80 
23.10 
10.80 
49.40 
4.90 

11.00 
5.80 
27.10 
11.80 
42.90 
1.60 

Wheat  bran  contains  noticeably  less  protein  than  any  of 
the  other  important  by-products.  Nitrogen-free  extract  mat- 
ter usually  is  the  fodder  group  next  in  value  to  the  protein. 
The  quantity  contained  in  bran  is  approximately  equal  to 
that  found  in  gluten  feed,  and  not  greatly  in  excess  of  the 
percentage  in  Ijrewers'  grains  and  malt  sprouts.^  Most  of 
the  several  feeds  enumerated  contain  about  similar  fiber  per- 
centages. 

(3)      Diget^tibilitij  of  the  Concentrates. 

The  figures  in  the  following  table  show  the  pounds  of 
digestible  fodder  groups  contained  in  one  ton  of  the  several 
feeds. 

Wheat  bran  is  shown  to  contain  rather  less  total  digestible 
matter  and  noticeably  less  digestible  protein  than  any  of  the 
several  feeds  tabulated.  The  two  carbohydrate  feeds,  corn 
and  hominy  meals,  are  naturally  deficient  in  protein,  but 
very  rich  in  digestible  starchy  matter  and  fat. 


'  The  quantity  of  extract  matter  in  cotton-seed  meal  is  quite  small,  due  to  the 
exceptionally  high  protein  percentage. 
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Hominy 
Meal. 

1901  to 
1904. 

Corn 

Meal. 

1901  to 

1904. 

Malt 

Sprouts. 

1904  to 

July,  I905. 

(ff 

Brewers' 
Dried 
Grains. 
1904. 

O         1- 

4» 

Distillers' 

Dried 

Grains. 

1904  to 

July,  1903. 

o       « 
o      o 

•6 

is.  . 
3 

O         CO 
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Cotton-seed 

Meal. 

1901  to 

1904. 

Spring  and 

Winter  Bran. 

1901  to 

1904. 
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The  above  figures  are  quite  instructive.  They  show  that 
digestil)le  matter  in  bran,  cotton-seed  meal  and  distillers' 
and  brewers'  dried  grains  has  cost  about  the  same  for  a  num- 
ber of  years,  while  in  the  form  of  malt  sprouts  the  price  has 
been  somewhat  less.'  Corn  and  corn  by-products  (gluten 
and  hominy  feed)  have  furnished  digestible  matter  for  uni- 
formly less  money  than  it  could  be  purchased  for  in  the  form 
of  either  bran,  cotton-seed  meal,  distillers'  or  brewers'  resi- 
dues. 

Retail  Cost  of  Digestible  Proteift. 

[Allowing  1  cent  for  digestible  carbohydrates,  .5  cent  for  digestible  fiber  and  2.25  cents 

for  digestible  fat.] 


Spring 

and  Winter 

Bran. 

1901  to 

1904. 

Cotton- 
seed 
Meal. 
1901  to 

1904. 

Gluten 
Feed. 

1901  to 
1904. 

Distillers' 

Grains. 

1904  to 

July, 

1905. 

Brewers' 
Grains. 
1904. 

Malt 

Sprouts. 

1904. 

Market  price  per  ton,  . 

Cost  of  one  pound  of 
digestible    protein 
(cents). 

$22  48 
5.40 

$29  17 

2.72 

$26  05 
3.00 

$27  00 
3.65 

$22  50 
3.91 

$21  00 
3.25 

Cotton-seed  meal  furnishes  digestible  protein  for  the  least 
money,  gluten  feed  standing  next  in  order,  while  protein  in 
the  form  of  wheat  bran  is  decidedly  expensive.  Naturally, 
carbohydrate  feeds,  corn  and  the  like,  are  not  economical 
sources  of  protein. 

(4)      Fertilizing  Ingredients  in  a  Ton  of  Concentrates. 


Wheat 
Bran. 

Cotton- 
seed 
Meal. 

Gluten 
Feed. 

Distillers' 
Grain. 

Brewers' 
Grains. 

Malt 
Sprouts. 

Nitrogen 

51 

144 

85 

106 

74 

86 

Potash,       .... 

2S 

37 

- 

- 

17 

83 

rhosphoric  acid, 

42 

,50 

7 

00 

21 

29 

Valuation  per  ton,   . 

$12  34 

$30  18 

$16  00 

$19  78 

$15  25 

$18  47 

Percentage  valuation  of 
retail  cost. 

54 

103 

62 

73 

68 

88 

Bran  is  quite  rich  in  the  mineral  ingredients  phosphoric 
acid  and  potash,  being  exceeded  only  by  cotton-seed  meal. 

*  The  retail  price  of  malt  sprouts  and  brewers'  dried  grains  has  been  rather 
difficult  to  ascertain,  for  the  reason  that  comparatively  small  quantities  are  sold 
in  Massachusetts  markets. 
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The  corn  by-products  (gluten  feed  and  distillers  grains)  con- 
tain onl}^  a  trace  of  potash.  The  money  valuations  are 
based  on  current  market  prices,  namely:  nitrogen,  18.5 
cents;  potash,  4.25  cents;  and  phosphoric  acid,  4  cents  a 
pound.  The  fertilizing  elements  in  the  several  feeds  are  in 
as  desirable  a  form  as  those  in  the  best  grades  of  unmixed 
fertilizino;  stock.  Bran  is  shown  to  contain  fertilizer  incfre- 
dients  equal  to  54  per  cent,  of  its  cost,  and  cotton-seed  meal 
is  fully  equal  to  its  cost ;  the  others  are  considerably  in  ex- 
cess of  the  bran. 

It  is  not  to  be  inferred  that  after  the  several  feeds  have 
passed  tlu'ough  the  animal  their  fertilizing  ingredients  have 
as  high  a  money  value  as  before  they  were  consumed.  In 
fact,  some  20  per  cent,  has  been  retained  by  the  animal, 
more  or  less  loss  has  unavoidably  occurred  in  the  manurial 
residue,  and  they  are  in  a  nnich  more  bulky  condition,  which 
requires  considerable  additional  labor  to  apply  them.  Nev- 
ertheless, the  figures  show  clearly  that  the  combined  ferti- 
lizer ingredients  in  bran  have  noticeably  less  value  than  in 
any  of  the  other  by-products. 

Co7iclusionfi . 

1.  Wheat  bran  contains  noticeably  less  total  as  well  as 
less  digestible  protein  than  any  of  the  other  nitrogenous  liy- 
products. 

2.  The  total  digestible  matter  in  bran  is  likewise  less  than 
in  the  other  prominent  concentrates  ;  thus,  cotton-seed  meal 
contains  24  per  cent,  more,  gluten  feed  44  per  cent.,  distil- 
lers' gi'ains  21  per  cent,  and  corn  meal  38  per  cent. 

3.  For  several  years  past  the  cost  of  a  pound  of  digestible 
matter  in  bran,  cotton-seed  meal,  distillers'  and  brewers' 
dried  grains  has  been  about  the  same  ;  it  could  be  purchased 
in  the  form  of  gluten  feed,  corn  and  hominy  meals  for  some 
20  per  cent.  less. 

4.  A  pound  of  digestible  protein  in  wheat  bran  cost  100 
per  cent,  more  than  in  cotton-seed  meal,  80  per  cent,  more 
than  in  gluten  feed  and  50  per  cent,  more  than  in  distillers' 
dried  grains. 

5.  Because  of  its  relatively  low  protein  percentage,  the 
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fertilizer  ingredients  in  bran  have  from  10  to  50  per  cent, 
less  money  value  than  those  contained  in  the  other  by- 
products. 

6.  The  nutritive  material  and  especially  the  protein  con- 
tained in  wheat  bran  must  be  regarded,  therefore,  as  rela- 
tively expensive.  Because  of  its  palatability,  its  laxative 
eft'ect  and  its  desirability  as  a  diluter  or  distributer  of  the 
heavy  concentrates,  it  will  continue  to  be  used  by  many 
farmers  as  a  portion  of  the  grain  ration  for  dairy  stock. 
See  practical  deductions  as  to  the  use  of  bran,  on  page  114. 

(5)      Wheat  Bran  v.  Corn  Silage  as  a  Dtstr'ibufer  of  the 
Heavy  Concentrates. 

Experiment  I.     Spring,  1903. 

Object  of  the  Experiment.  —  Wheat  bran  has  been  shown 
to  be  an  expensive  feed,  judged  solely  from  the  amount  of 
nutritive  material  it  contains.  The  present  experiment  was 
undertaken  to  see  if  silage  would  not  serve  as  a  distributer 
equally  as  well  as  bran.  Such  being  the  case,  the  farmer 
could  use  home-grown  corn,  or  corn  and  cob  meal,  in  place 
of  an  equal  amount  of  bran,  and,  by  feeding  in  addition  a 
few  pounds  daily  of  cotton-seed  meal  and  malt  sprouts  or 
flour  middlings,  get  along  with  a  minimum  quantity  of  2^ur- 
chased  grain. 

Plan  of  the  Experiment.  —  The  cows,  ten  in  number,  were 
high-grade  Jerseys.  Eight  had  calved  early  the  previous 
autumn,  and  two,  Pearl  and  Red  2d,  the  preceding  Decem- 
ber. 

The  animals  were  divided  as  equally  as  possible  into  two 
lots  of  five  each,  and  both  herds  fed  for  two  weeks  upon  the 
so-called  bran  ration,  consisting  of  silage,  hay,  cotton-seed 
meal,  flour  middlings  and  wheat  bran.  In  the  second  period, 
lasting  five  weeks,  one  lot  of  cows,  known  as  Herd  I.,  con- 
tinued to  receive  the  same  ration  ;  and  the  other  lot.  Herd 
II.,  was  fed  the  so-called  silage  ration,  consisting  of  silage 
and  hay,  cotton-seed  meal,  flour  middlings  and  corn  and  cob 
meal.  In  each  of  the  two  periods  one  week  was  considered 
preliminary. 
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In  interi)reting  the  results,  it  is  proposed  to  note  the 
weekly  yields  produced  in  the  second  period  by  both  herds 
on  different  grain  rations,  as  compared  with  the  weekly  yields 
of  the  first  periods,  when  the  two  herds  received  the  same 
grain  ration,  thus  ascertaining  the  comparative  efficacy  of 
the  two  different  grain  rations  fed  in  the  second  period.  The 
yields  obtained  in  the  first  period  are  to  l)e  used  simply  as  a 
basis  for  comparison. 

Duration  of  the  Experiment. 

Period  I. 


Herd. 

Character  op 
Ration. 

Cows. 

Date. 

Number 
of  Weeks. 

I.,      . 
II.,      . 

Bran  as  distributer, 
Bran  as  distributer, 

Brighty,  Pearl,  Linnic, 

Roda,  Doliska. 
Red  II.,  Dora,  Blanclic, 

May,  Daisy. 

March  30 1 -April  5. 
INIarcli  30-Ain-il  5. 

1 
1 

Period  II. 

I.,      . 
II.,      . 

Bran  as  distributer, 
Silage  as  distributer. 

Briglity,  Pearl,  Linnie, 

Roda,  Doli8l<a 
Red  1 1.,  Dora,  Blanclie, 

May,  Daisy. 

April  12 '-May  10. 
April  12-MaylO. 

4 

4 

1  Preceded  by  preliminary  period  of  seven  days. 


General  Care  of  the  Animals.  — The  experiment  was  car- 
ried out  in  the  station  barn,  especially  set  apart  for  such 
work.  Each  animal  was  kept  in  a  roomy  stall,  well  carded, 
and  turned  daily  into  a  yard  for  exercise.  The  cows  were 
in  good  condition,  and  quite  contented. 

Method  of  Feeding. — The  cows  Avere  fed  twice  daily,  and 
water  was  before  them  constantly.  In  case  of  the  bran  ra- 
tion, the  several  grains  composing  it  were  carefully  mixed, 
and  fed  just  before  milking.  The  grains  used  in  the  silage 
ration  —  cotton-seed  and  corn  meals  and  flour  middlings  — 
were  likewise  mixed,  and  the  resulting  combination  quite 
thoroughly  mingled  with  the  silage  by  means  of  a  four-tined 
fork,  and  fed  previous  to  milking.  One  quart  of  the  bran 
ration  weighed  .80  of  a  pound,  and  1  quart  of  the  grain 
ration  fed  with  the  silage  weighed  1.4  pounds,  the  former 
being  naturally  much  more  bulky. 
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Character  of  the  Feed  Stujf>^. — The  ])ran  was  from  spring 
wheat,  the  other  grains  were  of  the  usual  good  quality.  The 
silage,  made  from  rather  poorly  eared  corn,  was  of  average 
quality.  The  hay  was  largely  Kentucky  blue-grass,  with 
some  clover. 

Weighing  the  Animah.  —  The  animals  were  weighed  on 
three  consecutive  days  at  the  beginning  and  end  of  the  sec- 
ond period. 

Sampling  Feeds.  — The  coarse  fodders  were  sampled  three 
times  during  the  second  period,  dry  matter  determinations 
made  immediately,  and  composite  samples  analyzed.  Small 
samples  of  the  grains  were  taken  daily  and  placed  in  glass- 
stoppered  bottles. 

Sampling  Milk.  —  The  milk  of  each  cow  was  sampled 
twice  daily  for  five  consecutive  days  of  each  week  of  the 
two  periods,  and  preserved  with  formaline  in  tightly  corked 
bottles.  The  method  of  sampling  consisted  in  mixing  the 
freshly  drawn  milk  with  an  especially  constructed  mixer, 
and  immediately  removing  a  small  dipper  full. 


Average  Ration  consumed  by  Each  Coia  Daily  (^Pounds'). 

First  xieriod :  both  herds,  bran  ration. 


Herd. 

First 
Cut  Hay. 

Silage. 

Bran. 

Cotton- 
seed 
Meal. 

Flour 
Middlings. 

Corn  and 
Cob  Meal. 

I..      .        .        . 
II 

12.52 
13.  GO 

26.10 
29.00 

3.60 
3. SO 

2.00 
2.10 

2.00 
2.10 

- 

Second  period:  Herd  I.,  bran  ration;  Herd  II.,  silage  ration. 

I 

II.,      .        . 

12.80 
13.60 

25.70 
29.00 

3.60 

2.00 
2.10 

2.00 
2.10 

3.80 

Herd  I.  received  practically  the  same  quantity  of  grain 
and  roughage  daily  in  each  period  ;  the  same  can  be  said  of 
Herd  II.  Herd  II.  needed  and  received  slightly  more  than 
Herd  I.  during  both  periods. 
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Average  Dry  cmd  Digestible  Daily  Nuirienls  consumed  by  Each  Cow 

(^Pounds^. 

Herd  I.:  both  periods,  bran  ration. 


Period. 

Dry 

Matter. 

Protein. 

Carbo- 
hydrates. 

Fat. 

Total. 

Nutritive 
Ratio. 

I 

II 

22.98 
23.16 

2.42 
2.43 

11.38 
11.46 

.69 
.69 

14.49 
14.58 

1:5.4 
1:5.4 

Herd  II.:  first  period,  bran  ration;  second  period,  silage  ration. 

I 

II,      . 

24.85 
24.78 

2.58 
2.26 

12.36 
13.29 

.74 
.73 

15.68 
16.28 

1:5.4 
1:6.5 

Herd  I.  received  the  same  quantity  of  digestible  nutrients 
during  both  periods.  Herd  II.  received  more  total  digest- 
ible matter  in  the  first  period  than  did  Herd  L,  but  the 
nutritive  ratio  of  the  fodder  groups  was  the  same.  In  the 
second  or  silage  period  Herd  II.  consumed  rather  more 
total  digestible  nutrients  than  in  the  iirst  period,  but  less 
digestible  protein,  the  nutritive  ratio  being  somewhat  wider 
(1  :  6.5,  instead  of  1  :  5.4).  This  increase  of  digestible  mat- 
ter consumed  was  due  to  the  higher  digestibility  of  the  corn 
and  cob  meal. 

Weight  of  Animals  at  Beginning  and  End  of  Second  Period  (Pounds). 


aj 

Herd. 

s 

<s 

a 

1 

t— ( 

1 

>-. 

u.  o 

.60 

ce 

a 

•a 
o 

"o 

13 

Si 
o 

>,         .2 

«               cS 

'S 

pq 

(i 

Hi 

K 

ft 

ia5 

O 

m 

s       « 

o 

( 

Beginning,      . 

850 

958 

815 

860 

761 

-) 

I.,      . 

+  67 

( 

End, 

874 

967 

828 

864 

7V8 

~ 

~ 

~ 

-     -) 

{ 

Beginning,     . 

_ 

_ 

_ 

_ 

_ 

1,003 

875 

1,168 

1,048 

850  ) 

"■•  •! 

End, 

- 

- 

- 

- 

- 

1,003 

905 

1,177 

1,076 

( 

877) 

+  94 

Each  herd  made  a  slight  gain  during  the  period. 
difference  is  unimportant. 


The 


1906.] 


PUBLIC  DOCUMENT  — No.  33. 


103 


Yield  of  Milk  and  Milk  Ingredients  (Pounds). 

First  period  :  botli  lierds,  brau  ration. 


Hero. 

Cows. 

Total 
Milk. 

Daily 
for  Cow. 

Total 
Solids. 

Total 
Fat. 

Butter 

Equivalent 

(85  Per  Cent.). 

Krighty, 

1-27.25 

18.18 

20.06 

8.21 

9.66 

Pearl,  . 

218.00 

31.14 

29.89 

10.90 

12.82 

I.,      .  " 

Liiinie, 

157.00 

22.43 

2-2.62 

8.48 

9.98 

Roda,  . 

110.74 

15.82 

15.32 

5.65 

6.65 

L 

Doliska, 

184.99 

26.43 

23.29 

7.03 

8.27 

Total 

797.98 

114.00 

111.18 

40.27 

47.38 

Red  II., 

262.49 

37.50 

32.31 

11.02 

12.96 

Dora,   . 

142.60 

20.37 

20.29 

7.27 

8.55 

II.,      .  . 

Blanche, 

150.62 

21.52 

22.61 

7.91 

9.31 

May,    . 

139.50 

19.93 

21.41 

7.88 

9.27 

Daisy,  . 

123.00 

17.57 

19.45 

7.38 

8.68 

Total 

818.21 

116.89 

116.07 

41.46 

48.77 

Second  period 

Herd  I.,  bran  ration; 

Herd  II.,  silage  ration. 

r 

Brighty, 

509.74 

18.21 

80.84 

32.41 

38.13 

Pearl,  . 

879.70 

31.42 

125.70 

46.44 

54.65 

I., 

Linnie, 

679.00 

24.25 

97.84 

36.60 

43.06 

Roda,  . 

439.82 

15.71 

62.37 

22.17 

26.08 

Doliska, 

773.21 

27.61 

97.73 

29.15 

34.30 

Total 

3,281.47 

117.20 

464.48 

166.77 

196.22 

Red  II., 

1,048.58 

37.45 

131.91 

43.62 

51.32 

Dora,  . 

581.83 

20.78 

85.05 

31.48 

37.04 

II.,      .  « 

Blanche, 

609.73 

21.78 

92.25 

32.01 

37.66 

May,    . 

497.49 

17.77 

78.11 

27.96 

32.89 

Daisy, . 

480.68 

17.17 

77.53 

29.99 

35.28 

Total 

3,2iS.31 

114.95 

465.45 

165.06 

194.19 
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Average  Weekly  Yields  of  Each  Herd  (Poutids),  and  Percentage  Oain 

or  Loss. 


Herd  I. 


Periods. 

Milk. 

Solids. 

Fat. 

Butter 

Equivalent 

(80  Per  Cent.). 

I 

II 

798.0 
820.4 

+  '2.8 

111.2 
llC.l 
+  4.4 

40.3 

41.7 

+  3.5 

47.4 
49.1 

Percentage  gain  or  loss. 

II. 

over  I., 

+  3.6 

Herd  II. 

I 

II., 

818.2 
804.6 
—  1.7 

llG.l 
116.4 
+  .3 

41.0 
41.3 
—  .4 

48.8 
48.5 

Percentage  gain  or  loss, 

II 

over  I., 

—  .6 

It  will  be  seen  that  Herd  I.,  which  received  the  bran 
ration  during  both  periods,  made  a  slight  gain  during  the 
second  period  in  the  quantity  of  milk  and  milk  ingredients ; 
while  Herd  II.,  which  received  the  silage  ration  in  the  sec- 
ond period,  underwent  a  slight  loss.  The  diiferences  are  so 
slight  as  to  prevent  any  positive  conclusions.  They  indi- 
cate, however,  that  the  bran  ration  produced  slightly  l:>etter 
results  than  the  silage  ration,  due  possibly  to  the  excess  of 
protein  in  the  former  ration. 


Dry  and  Digestible  Matter  required  to  2'>fodzice  Milk,  Milk  Solids  and 

Milk  Fat. 
Herd  I. :  both  periods,  bran  ration. 


Dry  Matter  required  to 

PRODUCE — 

Digestible  Matter  required 
to  produce  — 

Period. 

One 

Hundred 

Pounds 

Milk. 

One 
Pound 
Solids. 

One 

Pound 

Fat. 

One 

Hundred 

Pounds 

Milk. 

One 
Pound 
Solids. 

One 
Pound 
Fat. 

I. 

11. 

100.80 

98.81 

7.23 
6.98 

19.97 
19.44 

63.56 
62.21 

4.56 
4.40 

12.60 
12.24 

Herd  II. :  first  period,  bran  ration;  second  period,  silage  ration. 


II.. 


106.32 
107.78 


7.49 
7.45 


20.98 
21.01 


67.04 
70.83 


4.73 
4.90 


13.23 
13.81 
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Herd  I.  required  slightly  less  dry  and  digestible  matter  to 
make  milk  and  milk  ingredients  in  the  second  period.  Herd 
H.  took  a  little  more  dry  and  digestible  matter  in  the  second 
period  to  make  a  definite  quantity  of  milk,  milk  solids  and 
milk  fat.  On  the  basis  of  the  above  figures,  it  may  l)e  con- 
cluded that  the  bran  ration  produced  a  trifle  better  results 
than  the  silasre  ration. 


Food  Cost  of  Milk  and  Butter. 
Herd  I. :  both  periods,  brau  ration. 


Period. 

One  Hundred 
Pounds  Milk. 

One  Hundred 
Pounds  Butter. 

I 

II 

$1  03 
1  01 

$17  33 
16  81 

Herd  II.:  first  period,  bran  ration;  second  period,  silage  ration. 


I., 

$1  08 
1  13 
+  4.6 

$18  11 
18  74 

II. 

Percentage   increased   cost, 
Period  I. 

Period    II.  over 

+  3.5 

The  cost  of  milk  and  butter  is  based  upon  hay  at  $15  a 
ton,  silage  at  $3.50,  bran  at  $22,  corn  and  cob  meal  at  |26, 
cotton-seed  meal  at  $30  and  middlings  at  $25.  The  cost  of 
milk  and  butter  produced  by  Herd  I.  in  both  periods  was 
nearly  identical,  and  the  slight  variations  ma}^  be  attributed 
to  experimental  error.  The  increased  cost  of  the  milk  and 
butter  produced  by  Herd  H.  in  the  second  period  was  due 
largely  to  the  then  existing  excess  cost  of  the  corn  and  cob 
meal  over  that  of  the  bran,  and  not  to  the  feeding  efiect  of 
the  two  rations. 


Fertilizer  Iiigredienls  in  Rations  ( Cost) . 

First  period:  Herd  I.,  bran  ration. 

19.46  pounds  nitrogen,  valued  at      .          .          .          .  $3  31 

13.81  pounds  potash,  valued  at          ...          .  G9 

7.75  pounds  phosphoric  aiud,  valued  at  .          .          .  31 

Total, $4  31 
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Fertilizer  Ingredients,  etc.  —  Concluded. 

First  period:  Herd  II.,  bran  ration. 

20.90  pounds  nitrogen,  valued  at       .  .  .  .  $3  55 

14.98  pound.s  potash,  valued  at  ....  75 

8.26  pounds  phosphoric  acid,  valued  at  .  .         .  33 


Total, $4  63 

Second  period:  Herd  I.,  liran  r;ition. 

78.16  pounds  nitrogen,  valued  at      .          .          .          .  $13  29 

55.65  pounds  potash,  valued  at          ....  2  78 

31.02  pounds  phosphoric  acid,  valued  at  .          .          .  1  24 


Total, $17  31 

Second  period  :  Herd  II.,  silage  ration. 

78.38  pounds  nitrogen,  valued  at      .          .          .          .  $13  32 

54.89  pounds  potash,  valued  at          .          .          .          .  2  74 

24.86  pounds  phosphoric  acid,  valued  at  .          .          .  99 


Total, $17  05 

The  total  quantity  and  valuation  of  fertilizer  ingredients 
were  nearly  identical  in  each  ration. 

Conclusions. 

1.  The  animals  were  in  good  condition  during  the  entire 
experiment,  hence  the  silage  proved  equally  as  satisfactory 
as  bran  for  distributing  the  heavy  concentrates  (cotton-seed 
meal  and  flour  middlings). 

2.  The  so-called  bran  ration  produced  a  trifle  more  milk 
and  milk  ingredients  than  did  the  silage  ration.  Further- 
more, it  required  a  little  less  dry  and  digestible  matter  to 
make  a  definite  quantity  of  milk  ingredients  with  the  former 
ration. 

3.  It  cost  several  per  cent,  more  to  produce  milk  with  the 
silage  ration  ;  but  this  difl'erence  was  due  primarily  to  the 
temporarily  increased  market  price  of  the  corn  and  cob  meal, 
and  not  to  the  feeding'  efl'ect  of  the  ration. 
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Experiment  II. — AVinteu,  1904. 

Object  of  the  Experiment. — The  object  of  this  experiment 
was  quite  similar  to  the  one  already  described  ;  namely,  to 
see  if  corn  silage  could  not  be  employed  in  i)lace  of  Avheat 
bran  as  a  distributer  of  the  heavy  concentrates. 

Plan  of  the  Experiment.  —  This  experiment  was  conducted 
on  the  reversal  ^dan.  The  cows  Avere  divided  into  two  lots 
of  four  each.  In  the  first  half  of  the  experiment  one  lot 
received  the  so-called  bran  ration  at  the  same  time  the  other 
lot  received  the  silao;e  ration.  In  the  second  half  these  con- 
ditious  were  reversed. 


Duration  of  Exjieriment. 

First  Half. 


Character  of  Ration. 

Date. 

Number  of 
Weeks. 

Cows. 

Bran  as  distributer, 
Siliige  as  distributer,    . 

January  16  through 

February  26. 
January  16  through 

February  26. 

6 
6 

Blanche,  Brighty, 
Doliska,  Dora! 

Daisy,  Linnie, 
May,  Roda. 

Second  Half. 

Bran  as  distributer, 
Silage  as  distriljuter,    . 

March    5   through 

April  15. 
March    5   through 

April  15. 

6 
6 

Daisy,    Linnie, 

May,  Roda. 
Blanche,  Briglity, 

Doliska,  Dora' 

Care  of  Animals  and  of  the  Product.  —  The  general  care 
of  the  animals  and  the  method  of  feeding  and  of  sampling 
the  milk  have  been  described  in  the  preceding  experiment. 
Each  cow  was  weighed  for  three  consecutive  daj^s  at  the 
beginning  and  end  of  each  half  of  the  experiment,  the  weigh- 
ing being  done  in  the  afternoon  before  feeding  and  watering. 

Character  of  the  Feeds.  — The  weights  of  a  quart  of  the 
two  grain  mixtures  were  about  the  same  as  those  fed  in  the 
former  experiment,  the  bran  ration  being  much  the  more 
bulky.  The  bran  was  derived  from  winter  wheat,  and  was 
light  and  flaky.  Corn  meal  was  used  in  place  of  corn  and 
cob  meal,  the  latter  not  being  available.  The  cotton-seed 
meal  and  flour  middlings  were  of  the  usual  good  quality. 
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The  silage  was  largely  corn,  with  a  slight  admixture  of  soy 
beans.  The  corn  and  soy  beans  were  grown  together,  but, 
OAving  to  the  cool  summer  of  1903,  the  beans  made  a  very 
light  growth  and  produced  scarcely  any  seeds.  The  corn, 
likewise,  was  poorly  eared,  and  the  total  yield  of  the  mix- 
ture was  only  about  8  tons  to  the  acre.  The  silage  was  not 
at  all  decomposed  or  unduly  acid,  and  was  considered  of 
fair  quality.  The  hay  was  largely  Kentucky  blue-grass,  of 
good  quality,  cut  when  in  full  to  late  blossom. 


Rations  consumed  Daily  (^PoiiniW). 

Wheat  Bran  Ration. 


Cows. 

First 
Cut  Hay. 

Silage. 

Bran. 

Corn 
Meal. 

Flour 
Middlings. 

Cotton- 
seed 
Meal. 

Blanche, 
Brighty, 
Doliska, 
Dora,    . 
Daisy, 
Linnie, 
May,     . 
Roda,   . 

16.0 
13.0 
1-2.0 
13.0 
13.0 
1.5.0 
16.0 
12.0 

34.6 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 

3.5 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

_ 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

1..T 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Average 

' 

13.8 

30.6 

3.1 

2.0 

1.1 

Sil/ti/e 

Ration. 

Blanche, 

lo.O 

35.0 

- 

3.0 

2.0 

2.0 

Brighty, 

12.0 

30.0 

- 

2.5 

2.0 

1.5 

Doliska, 

11.0 

28.1 

- 

2.2 

2.0 

1.4 

Dora,    . 

12.0 

30.0 

- 

2.5 

2.0 

1.5 

Daisy, 

12.0 

30.0 

- 

2.5 

2.0 

1.5 

Linnie, 

14.0 

30.0 

- 

2.5 

2.0 

1.5 

May,     . 

14.0 

26.9 

- 

2.3 

1.8 

1.4 

Roda,   . 

11.0 

30.0 

- 

2.5 

2.0 

1.5 

Average 

• 

12.6 

30.0 

- 

2.5 

2.0 

1.5 
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Dry  and  Digestible  Matter  in  DaiUj  Rations  {Pounds^ 

Wheat  Bran  Ration. 


Dry 

Matter. 

Digestible  Organic  Nutrients. 

Nutritive 
Ratio. 

Cows. 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

Total. 

Blanche, 
Brighty, 
Doliska, 
Dora,    . 
Daisy,   . 
Linnie, . 
>[ay,      . 
Roda,    . 

27.12 
22.66 
21. 7S 
22.66 
22.66 
24.44 
25.33 
21.78 
23.55 

2. .54 
2.0!) 
2.04 
2.00 
2.09 
2.18 
2.23 
2.04 

4.36 
3.61 
3.43 
3.61 
3.61 
3.97 
4.15 
3.43 

8.45 
7.21 
6.98 
7.21 
7.21 
7.67 
7.89 
6.98 

.63 
.53 
.52 

..53 
.M 
..55 
.52 

15.98 
13.44 
12.97 
13.44 
13.44 
14.36 
14.82 
12.97 

1:5.6 
1:5.7 
1:5.7 
1:5.7 
1:5.7 
1:5.9 
1:6.0 
1:5.7 

Average, 

2.16 

3.77 

7.45 

.54 

13.92 

1:5.7 

Silage  Ration. 


Blanche, 

26.28 

2.46 

4.15 

9.03 

.68 

16.32 

•1:5.9 

Brighty, 

21.76 

2.03 

3.40 

7.60 

..57 

13.60 

1:6.0 

Dolislia, 

20.15 

1.90 

3.14 

7.03 

..53 

12.60 

1:6.0 

Dora,     . 

21.76 

2.03 

3.40 

7.60 

..57 

13.60 

1:6.0 

Daisy,   . 

21.76 

■2.03 

3.40 

7.60 

.57 

13.60 

1:6.0 

Linnie, . 

23.53 

2.13 

3.76 

8.06 

..58 

14.. 53 

1:6.2 

May, 

22.49 

2.00 

3.63 

7.61 

.54 

13.78 

1:6.2 

Roda,    . 

20.87 
22.33 

1.99 

3.22 

7.. 38 

..56 

13.15 

1:6.0 

Average, 

2.07 

3. .51 

7.74 

.58 

13.90 

1:6.0 

Average  Daily  Bations  (Pounds). 


Character  of  Rations. 

Hay. 

Silage. 

Bran. 

Corn 
Meal. 

Flour 
Middlings. 

Cotton- 
seed Meal. 

Bran 

Silage 

13.8 
12.6 

30.6 
30.0 

3.1 

2.5 

2.0 
2.0 

1.1 

1.5 

Average  Dry  and  Digestible  Nutrients  in  Daily  Bations  (Pounds) . 


Dry 

Matter. 

Digestible  Organic  Nutrients. 

Nutritive 
Ratio. 

Character  of  Ration. 

Protein. 

Carbo- 
hydrates. 

Fat. 

Total. 

Bran 

Silage, 

23.55 
22.33 

2.16 
2.07 

11.22 
11.25 

.54 

.58 

13.92 
13.90 

1:5.7 
1:6.0 
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The  average  daily  bran  ration,  consisting  approximately 
of  14  pounds  of  hay,  31  pounds  of  silage  (about  a  bushel), 
3  pounds  of  bran,  2  pounds  of  flour  middlings  and  1  pound 
of  cotton-seed  meal,  may  be  considered  a  good  type  of  a 
dairy  ration,  and  quite  similar  to  combinations  in  use  by 
many  milk  producers  who  buy  all  of  their  grain.  It  was 
the  aim  in  preparing  the  silage  ration  to  do  away  with  the 
bran  by  substituting  home-grown  corn,  and  at  the  same  time 
to  produce  a  combination  that  would  contain  essentially  the 
same  quantity  and  proportion  of  digestible  nutrients.  This 
was  accomplished  by  feeding  2.5  pounds  of  corn  meal  instead 
of  3  pounds  of  bran,  and  1.5  pounds  of  cotton-seed  meal  in 
place  of  the  1  pound  fed  in  the  bran  ration. 

Assuming  that  the  farmer  produced  the  hay,  silage  and 
corn  meal  in  the  ration,  he  would  only  use  3.5  pounds  daily 
of  purchased  grain,  costing  4.7  cents,  while  the  bran  ration 
would  require  a  daily  cash  outlay  for  grain  of  7.25  cents. 

The  two  rations  contained  almost  identical  quantities  of 
digestible  protein  and  of  total  digestible  nutrients.  Both 
rations  appeared  to  be  equally  well  relished  by  the  animals. 
The  entire  herd  consumed  the  bran  ration  without  the  least 
irregularity,  while  on  the  silage  ration  the  cow  May  suffered 
an  attack  of  indigestion  which  caused  her  to  shrink  notice- 
ably' in  her  milk,  and  rendered  it  necessary  to  reduce  her  feed 
for  some  ten  daj^s.  Whether  this  disturbance  may  be  at- 
tributed to  the  character  of  the  ration,  or  to  other  causes,  it 
is  difficult  to  state  with  certainty.  Cow  Doliska,  while  re- 
ceiving the  silage  ration,  underwent  an  attack  of  mammitis 
in  one  quarter  of  the  udder,  which  decreased  her  milk  yield, 
and  made  it  necessary  to  take  away  temporarily  a  consider- 
able portion  of  her  grain  ration.  This  cow  was  producing  a 
large  yield  of  milk  during  the  experiment,  but  was  not  in 
first-class  physical  condition.  It  seems  probable  that  her 
condition  rendered  her  sensitive  to  the  combination  of  heavy 
grain,  even  though  it  was  distributed  through  the  silage. 
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Weight  of  Animals  al  Beginning  and  End  of  Experiment  (^Pounds). 
Wheat  Bran  Ration. 


a  ai 

2 

a 

C3 

"o 

o 

« 

.2 

l2 

^ 

o3 
IS 

m 

n 

O 

O 

^ 

h! 

S 

« 

H 

Beginning, 

1,176 

832 

753 

887 

842 

841 

1,020 

852  J 

+  29 

End 

1,146 

841 

741 

876 

8(i3 

854 

1,024 

887) 

Silage  Ration. 


Beginning, 
End,     . 


1,121 
1,133 


838 
836 


714 
720 


823 
830 


828 
823 


1,013 
990 


831: 

838] 


+  18 


The  animals  practically  maintained  their  weight  on  each 
of  the  rations. 


Yield  of  Milk  and  Milk   Ingredients,   with  Percentage   Gain  or  Loss 

(^Pounds^. 

Wheat  Bran  Ration. 


Cows. 

Total 
Milk. 

Daily 
Milk. 

Total 
Solids. 

Total 
Fat. 

Butter 

Equivalent. 

Vu  added. 

Blanche, 

Brighty, 

Doliska, 

Dora, 

Daisy, 

Linnie, 

May, 

Roda, 

1,004.08 
790.62 

1,105.37 
909.16 
715.10 
914..35 
834.73 
834.03 

23.91 

18.82 
26.32 
21.65 
17.03 
21.77 
19.87 
19.86 

145.19 
122.. 39 
134.97 
126.10 
110.05 
1.30.. 57 
123.. 54 
115.93 

51.51 

49.73 
40.24 

44.28 
41.48 
48.92 
43.99 
39.95 

60.10 
58.02 
46.95 
51.66 
48.39 
57.07 
51.32 
46.61 

Totals 

' 

7,107.44 

21.15 

1,008.74 

360.10 

420.12 

Silage  Ration. 


Blanche,  .... 

1,009.62 

24.04 

145.79 

50.99 

59.49 

Brighty, 
Doliska, 

790.06 

18.81 

123.88 

50.25 

58.  &3 

909.17 

21.65 

114.28 

34.. 55 

40.31 

Dora, 

874.78 

20.83 

125.01 

44.44 

51.85 

Daisy, 

798.06 

19.00 

123.14 

46.13 

53.82 

Linnie, 

997.35 

23.75 

141.82 

52.86 

61.67 

May, 
Roda, 

836.97 

19.93 

126.. 55 

46.28 

53.99 

930.92 

22.16 

126.42 

43.19 

50.39 

Totals,      . 

7,146.93 

21.27 

1,026.89 

368.69 

430.15 

Percentage  gain  of  si- 

0.5 

_ 

1.7 

2.2 

_ 

lage  over  bran  ration. 
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The  yields  are  slightly  in  favor  of  the  silage  ration,  but 
the  differences  are  so  small  as  to  have  no  particular  signifi- 
cance. Had  cows  May  and  Doliska  remained  undisturbed 
during  the  experiment,  this  increased  yield  would  have  been 
more  pronounced. 


Average  Composition  of  Herd  Milk  {Per  Gent.') 

Character  op  Ration. 

Total  Solids. 

Fat. 

Solids  not  Fat. 

Wheat  bran, 

Silage, 

14. 19 
14.37 

5.07 
6.16 

9.12 
9.21 

While  the  results  show  that  the  silage  ration  produced 
milk  a  trifle  richer  in  both  fat  and  solids  not  fat,  the  slight 
difference  is  without  any  important  signification. 

Drij  and  Digestible  Matter  required  to  jrroducc  Milk  and  Milk  Ingredi- 
ents {Pounds). 


Dry  Matter. 

Digestible  Matter. 

Character  of  Ration. 

One 

Hundred 

Pounds 

Milk. 

One 
Pound 
Solids. 

One 

Pound 

Fat. 

One 

Hundred 

Pounds 

Milk. 

One 
Pound 
Solids. 

One 

Pound 

Fat. 

Wheat  bran, 

Silage 

111.35 
104  .'i)6 

7. 85 
7.31 

21.98 
20.35 

65.84 
65.33 

4.(54 
4.55 

13.00 
12.67 

While  the  results  show  that  in  case  of  the  silage  ration  it 
required  a  little  less  dry  matter  to  produce  a  definite  quan- 
tity of  milk  and  butter  fat,  they  also  show  that  in  case  of 
both  rations  practically  the  same  quantity  of  digestible  matter 
was  necessary  to  produce  an  equal  quantity  of  milk  })roducts. 


Food  Cost  of  Milk  Products 

Character  of  Ration. 

Total 
Milk. 

One  Hundred 
Pounds  Milk. 

One  Quart        One  Pound 
Milk  (Cents).'  Butter(Cent8) 

Wheat  bran, 

Silage, 

Percentage  inereased  cost  of  br;in 
over  silage  ration. 

$77  76 

75  42 

3.1 

$1  09 
1  06 

2.8 

2.45 
2.. 38 
2.9 

18.5 
17.5 
5.8 

1  2.25  pounds  is  the  commercial  figure  allowed  for  one  quart  of  milk;  the  theoretical 
quantity  is  2.15  pounds,  the  excess  of  .10  of  a  pound  being  allowed  for  loss  in  handling. 
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With  hay  at  $15  a  ton,  silage  at  $3.50,  bran  at  $22,  corn 
meal  at  $24,  cotton-.secd  meal  at  $28  and  middlings  at  $26, 
the  silage  ration  produced  milk  and  butter  slightly  cheaper 
than  did  the  bran  ration.  This  difference  in  cost  is  due 
partly  to  the  temporary  variation  in  the  cost  of  the  several 
grains,  and  partly  to  the  slightly  more  favorable  effect  of  the 
silage  ration. 

ApjifoxinuUe  Fertilizer  Ingrcdieiils  in  Rdlions  (Cost). 

jriieni  liran  Riition. 

172.29  poinids  nitrogen,  valued  at    .         .         .         .     $30  15 

134.92  pounds  potash,  valued  at       .         .         .         .         5  40 

68.04  pounds  phosphoric  acid,  valued  at  .  .  2  72 


Total, $38  27 

Sihir/e  Ration. 

169.99  pounds  nitrogen,  valued  at    .          .          .          .  $29  69 

119.77  pounds  potash,  valued  at       .          .          .          .  4  79 

54.88  pounds  phosphoric  acid,  valued  at          .          .  2  20 


Total, $36  68 

The  total  rations  consumed  l)y  the  herd  contained  nearly 
the  same  quantity  of  plant  food.  There  Avas  a  slight  excess 
of  potash  and  phos[)horic  acid  in  the  bran  ration,  due  to  the 
richness  of  the  bran  in  these  two  mineral  constituents. 

Conclusions. 

1.  The  silage  ration  produced  slightly  more  milk  and  milk 
inifredients  at  a  trifle  less  cost  than  did  the  bran  ration. 

2.  A  little  less  dry  and  digestible  matter  was  required  to 
produce  a  given  quantity  of  milk  products  with  the  former 
ration. 

3.  Two  animals  were  temporarily  out  of  condition  while 
receiving  the  silage  ration.  This  may  have  been  partly  due 
to  the  effects  of  the  heavy  concentrates  and  partly  to  other 
causes. 

Discussion  of  Results. 
1.  In  both  experiments  hay  and  corn  silage  served  as  the 
roughage,  while  a  mixture  of  cotton-seed  meal,  flour  mid- 
dlings and  bran,  or  cotton-seed  meal,  flour  middlings  and 
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corn  meal  or  corn  and  cob  meal,  served  as  the  two  grain 
rations  ;  bran  acted  as  a  diluter  of  the  heavy  concentrates  in 
one  case,  and  corn  silage  in  the  other. 

2.  In  the  first  experiment  the  results  were  slightly  favor- 
able to  the  bran  ration,  Avhile  in  the  second  experiment  the 
conditions  were  reversed.  The  diflerences  were  so  trilling 
that  it  may  be  said  that  for  practical  purposes  both  rations 
produced  equally  satisfactory  results. 

3.  As  a  practical  deduction,  the  ^vriter  would  suggest  that 
farmers  who  keep  comparatively  small  herds,  and  who  per- 
sonally look  after  the  feeding,  may  reduce  the  quantity  of 
2)?n'chased  grain  to  3  or  4  pounds  daily  per  head,  and  sub- 
stitute home-grown  corn  in  place  of  wheat  bran.  Five  to  7 
pounds  of  grain  daily  is  the  usual  allowance  for  cows  pro- 
ducing about  10  (juarts  of  milk  of  average  quality.  This 
grain  mixture  may  consist  of  \y-2  })ounds  of  cotton-seed 
meal,  2  pounds  of  flour  middlings  and  2^/^  to  3  pounds  of 
corn  or  corn  and  cob  meal  daily  ;  or  11.'2  pounds  of  cotton- 
seed meal,  2  pounds  of  oat  middlings  or  rye  feed  and  21/^  to 
3  pounds  of  corn  meal.  Malt  sprouts  may  be  substituted  for 
the  wheat,  oat  or  rye  middlings.  The  several  grains  after 
being  mixed  should  be  distributed  throug-h  the  silao^e  or  cut 
hay  with  the  aid  of  a  fork.  This  method  of  feeding  will 
enable  the  farmer  to  get  along  with  a  minimum  cash  outlay 
for  grain  (4l/'2  cents  daily),  and  at  the  same  time  he  will  be 
supplying  a  Avell-balanced  ration,  rich  in  elements  of  fertil- 
ity. The  method  will  be  more  particularly  suited  to  farmers 
not  having  easy  transportation  facilities,  and  who  sell  their 
dairy  products  to  the  creamery. 

4.  Farmers  and  dairymen  who  cannot  closely  supervise 
the  feeding,  and  who  desire  to  feed  more  than  5  to  7  pounds 
of  grain  daily,  will  probably  find  it  advisable  to  use  one- 
third  to  one-half  wheat  bran  in  compounding  the  grain  mix- 
ture. Distillers'  grains  and  malt  sprouts  have  also  been 
shown  to  be  quite  satisfactory  distributers  of  the  heavj^  con- 
centrates.^ 

*  Bulletin  No.  94  of  this  station. 
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KEPORT   OF   THE   BOTANIST. 


a.  K.  stone;    assistant,  n.  f.  monaiian. 


The  long  period  of  dry  weather  during  the  past  summer 
has  rendered  many  plants  free  from  certain  types  of  fungous 
diseases.  On  tlie  other  liand,  the  dry  conditions  were  favor- 
able for  the  outbreak  of  other  troubles.  A  considerable 
amount  of  rain  fell,  and  a  more  or  less  prolonged  period  of 
cloudy  and  damp  weather  prevailed  during  the  latter  part 
of  August  and  first  of  8epteml)er,  which  brought  on  some 
severe  cases  of  blight.  This  rainy  and  damp  period,  coming 
as  it  did  after  the  severe  drought,  exerted  a  peculiar  influence 
on  the  quality  of  fruit,  and  in  some  instances  it  was  respon- 
sible for  inducing  a  renewed  activity  of  the  reproductive 
organs  of  plants.  It  is  well  known  that  favorable  condi- 
tions following  a  check  often  stinmlate  vital  activity  along 
the  lines  of  reproduction,  and  it  was  not  surprising  to  find 
some  wild  plants  responding  in  this  manner. 

Downy  Mildew  of  Tomato. 
(^PhytopJttliora  in/estans,  DBy.) 
The  damp  and  rainy  period  following  the  prolonged  dry 
season  caused  an  unusual  outbreak  on  tomato  plants,  namely, 
the  downy  mildew,  which  is  the  same  as  that  giving  rise  to 
the  late  blight  of  potatoes.  It  is  seldom  that  this  mildew 
attacks  tomatoes,  in  this  State  at  least,  to  any  extent;  but 
this  season  the  damage  was  quite  severe  and  widely  dissem- 
inated, especiall}^  injuring  the  younger  vegetative  portions 
of  the  plants. 
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Potato  Rot. 
{PJiylo2')hthora  infestaris,  DBy.) 

The  fungus  mentioned  above  was  also  responsible  to  a 
large  extent  for  damage  to  potatoes,  causing  them  to  rot, 
esi)ecially  those  grown  on  moist  land.  During  the  early 
part  of  the  season  potatoes  as  a  whole  Avere  remarkably  free 
from  blight,  and  not  until  the  rainy  and  damp  i)eriod  came 
in  September  did  they  display  any  alarming  troubles.  In 
some  instances  quite  a  large  percentage  was  destroyed  by 
rot.  The  spraying  of  potatoes  in  this  State  has  not  met 
with  that  degree  of  success  that  it  has  in  other  New  Eng- 
land States,  one  reason  being  that  the  early  blight  often 
occurs  here  quite  disastrously,  and  obtains  a  foothold  early 
in  the  season. 

Spraying  for  this  trouble  should  commence  early  in  June, 
when  the  plants  are  about  one-fourth  grown,  and  continue 
until  late  in  the  season.  Another  factor  underlying  success- 
ful spraying  is  jn'essure  ;  at  least  50  pounds'  pressure  should 
])e  maintained  by  the  pump,  to  secure  the  best  results.  Ex- 
periments at  the  college  this  ^^ear  showed  material  gain  in 
the  quantity  of  potatoes  secured  from  sprayed  crops,  as 
compared  with  those  not  Sprayed. 

Cucumber  and  Melox  Blight. 

The  dry  sunnncr  with  its  freedom  from  moisture  proved 
favorable  for  cucumbers  and  melons,  and  these  crops  were 
not  severely  affected,  at  least  previous  to  Septeml^er,  with 
either  the  doAvny  mildew  or  anthracnose.  During  the  past 
fall  there  has  occurred  considerable  infection  to  greenhouse 
crops,  especially  those  started  early.  For  the  last  six  or 
seven  years  the  downy  mildew  (Plasmojwra  CuhensiH  (B. 
&,  C.)  Humphrey)  has  occurred  generally  upon  greenhouse 
cucumbers  started  early  in  the  house,  and  occasionally  the 
anthracnose  (CoUefofn'chtim  Lagenarium  (Pass.)  Ell.  & 
Hals.)  appears  in  the  fall,  but  we  know  of  no  instances 
where  either  of  these  blights  has  wintered  in  greenhouses. 
Both  of  these  blights  must  therefore  at  })resent  be  consid- 
ered as  left  over  from  sununer.      The  anthracnose,  however, 
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usually  makes  its  appearance  in  the  spring  on  greenhouse 
plants,  and  the  mildew  about  the  15th  of  August  on  either 
outdoor  or  greenhouse  cro[)s.  Both  of  these  blights  ctin  be 
readily  controlled  in  the  greenhouse  by  judicious  attention 
to  cultural  methods.  Neither  of  them  will  survive  if  atten- 
tion is  given  to  light,  ventilation  and  especially  moisture. 
When  the  foliage  is  kept  dry  these  fungi  are  unable  to  get  a 
start.  In  case  syringing  is  necessary  to  keep  the  red  spider 
down,  it  should  be  done  in  the  morning  in  bright  sunlight, 
at  which  time  the  plants  will  dry  out  readily.  In  case  these 
blights  have  attained  some  headway,  the  pipes  should  be 
l)ainted  with  sulphur  and  oil.  Beneficial  results  have  been 
reported  by  different  growers  who  have  tried  this  method. 

Sun  Scald. 

The  o'eneral  interest  manifested  in  shade  trees  in  this  State 
is  quite  apparent  from  the  large  number  of  specimens  sent 
us  each  year,  and  the  amount  of  correspondence  touching 
upon  various  matters  concerning  them.  The  number  of 
cases  of  sun  scald  to  shade  trees  the  past  summer  was  un- 
precedented. This  was  particularly  noticealjle  in  rock  maples 
and  white  pines,  although  this  same  trouble  occurred  with 
many  trees  and  shrubs  to  some  extent.  The  sun  scald  on 
rock  maples  was  unusually  abundant,  and  more  severe  than 
usual.  Some  trees  which  were  under  our  observation  had 
as  much  as  ninety  per  cent,  of  their  foliage  as  dry  and  crisp 
as  casted  leaves.  Some  maple  trees  possess  the  peculiarity 
of  having  their  leaves  bad!  v  scorched  each  year,  Avhere  other 
trees  of  the  same  species  located  near  them  are  entirely  free 
from  this  trouble. 

As  a  result  of  the  prolonged  drought  and  the  excessive 
heat  during  mid-summer,  many  rock  maples  developed  foli- 
age of  a  peculiar  bronze  color.  There  was  also  much  pre- 
mature fall  coloring  and  defoliation  on  many  trees.  The 
cause  of  so  much  sun  scald  during  the  past  summer  was 
drought  and  dry  winds. 

Where  fine  specimens  of  lawn  or  roadside  trees  exist, 
every  effort  should  be  made  to  maintain  them  in  the  best 
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condition  possible.  A  deep,  rich,  loamy  soil,  well  supplied 
with  organic  matter,  constitutes  a  good  guarantee  against 
sun  scald. 

Burning  of  Conifers  and  Evergreens. 

The  burning  or  drying  up  of  leaves  commonly  seen  on 
conifers  and  other  evergreens  in  spring  is  the  result  of  win- 
ter or  spring  injury.  Trees  affected  in  this  manner  show  the 
burning  generally  on  one  side,  which  coincides  with  the 
direction  of  some  prevailing  wind  or  storm.  This  is  a  genu- 
ine scald,  similar  to  that  prevailing  on  other  trees,  and  occurs 
at  a  time  when  the  ground  is  frozen  and  drying  winds  pre- 
vail. This  is  usually  brought  about  by  a  sudden  rise  of 
temperature  in  the  early  spring  when  the  plants  are  in  frozen 
ground,  at  which  time  transpiration  is  active.  Under  these 
conditions  root  absorption  is  limited,  whether  the  soil  is 
moist  or  dry,  and  burning  results. 

An  arbor  vitse  hedge,  which  has  been  under  our  observa- 
tion for  some  years,  located  on  high  ground  with  a  severe 
exposure,  becomes  burned  more  or  less  every  year.  Fre- 
quently the  burning  is  on  the  southeast  side  and  occasionally 
on  the  southwest,  Imt  more  often  on  the  northwest,  which  is 
the  direction  of  the  prevailing  winds. 

There  is  a  considerable  amount  of  burning  to  conifers  and 
rhododendrons  in  this  State,  and  not  infrequently  this  is  so 
bad  that  the  specimens  are  ruined.  Much  of  this  injury 
occurred  during  the  winter  of  1904—05,  on  evergreens 
located  on  private  estates  and  in  nurseries.  One  nursery- 
man states,  for  example,  that  all  his  evergreens,  which 
included  various  species  of  abies,  buxus,  chamsecyparis, 
juniperus,  picea,  pseudotsuga,  taxus,  thuya  and  tsuga, 
burned  last  winter,  and  other  nurserymen  have  experienced 
troul)le  with  retinosporas  and  varieties  of  thuya  or  arbor 
vito3. 

Our  native  conifers  are  seldom  injured  in  this  manner 
except  when  transplanted  in  some  uncongenial  place,  or 
where  the  environment  is  more  or  less  modified.  Swamp 
cedar  burns   frequently   when   taken   from   the   swanq)  and 
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grown  in  ordinary  soil,  and  tlie  arbor  vitjc,  sparingly  found 
as  a  native  in  this  State,  frequently  burns  when  planted  on 
high  or  more  or  less  dry  land  with  severe  exposure.  This 
holds  good  also  for  hemlocks,  and  to  a  certain  extent  for 
pines  and  junipers. 

Winter-killing. 

The  disastrous  effects  of  winter-killing  are  probably  more 
discernible  in  the  State  at  the  present  time  than  for  many 
years ;  at  least,  we  have  no  recollection  of  seeing  so  much 
damage  done  to  so  large  a  variety  of  trees  and  shrubs  as  has 
occurred  in  the  last  two  or  three  years.  The  winter  of 
1903-04  was  extremely  severe  on  most  of  the  native  and 
exotic  plants,  including  trees,  shrubs  and  vines ;  and,  while 
the  winter  of  1904-05  was  not  so  severe  in  many  ways,  the 
past  summer  has  done  much  to  emphasize  any  trouble  that  was 
present  to  a  slight  degree  before.  The  winter  of  1902-08 
was  also  a  severe  one,  although  the  effects  of  killing  during 
that  period  were  largely  above  ground. 

The  symptoms  of  winter-killing  are  tolerably  well  marked 
in  most  instances,  especially  to  the  trained  observer,  and  it 
is  seldom  that  it  need  be  confounded  with  anything  else, 
neither  is  it  always  necessary  to  make  extensive  examina- 
tions of  root  systems  to  ascertain  root  killing.  Further- 
more, because  a  plant  is  native  constitutes  no  evidence  of 
its  ability  to  withstand  unusually  severe  conditions,  since 
unusual  seasonal  peculiarities  often  render  them  less  hardy. 
For  example,  the  Labrador  tea,  which  is  a  native  of  Labra- 
dor, has  been  known  to  winter-kill  in  this  State,  although  the 
climatic  conditions  of  this  State  are  decidedly  milder  than 
those  of  Labrador.  There  are  several  classes  of  winter  in- 
jury which  may  readily  be  distinguished,  some  of  which  are 
not  unusual,  and  can  be  found  every  year.  There  is  killing 
of  that  portion  of  the  plant  above  ground  as  well  as  killing 
of  the  root  systems,  the  latter  being  extremely  common 
during  the  winter  of  1903-04.  Besides  these  types  of  injury 
mentioned  above,  there  frequently  occur  frost  cracks,  twig 
killing,  bud  injuries,  blisters  to  leaves,  etc.  The  latter  has 
occurred  occasionally  in  leaves  of  apple  trees  in  the  spring 


120  HATCH    EXPERIMENT    STATION.  [Jan. 

when  they  were  tender,  and  frequently  results  in  almost  com- 
plete defoliation  of  apple  trees  during  August.  This  trouble 
has  been  studied  by  Sorauer  in  Germany,  by  Stewart  in  New 
York,  and  l)y  Stone  and  Smith  in  this  State. 

Some  of  the  conditions  which  underlie  winter-killing  are 
as  follows  :  — 

Severe  cold,  causing  frost  to  penetrate  to  a  great  depth. 

Sudden  and  severe  cold  following  a  prolonged  warm  spell 
in  the  fall,  in  which  case  the  wood  tissue  is  tender  and  im- 
mature. 

Conditions  which  favor  a  soft  growth  and  immaturity  of 
wood.  Various  causes  may  be  responsible  for  thiS;  such  as 
growth  in  a  low,  moist  soil,  too  heavy  manuring  or  fertil- 
ization, or  absence  of  sufficient  sunlight. 

General  low  vitality,  caused  by  insect  pests  and  fungous 
diseases  and  lack  of  moisture  in  the  soil. 

Insufficient  soil  covering,  such  as  lack  of  organic  matter, 
light  mulching  and  snow  covering  in  v/inter. 

Location  in  unusually  windy  and  exposed  places,  etc. 

Species  with  a  limited  maximum  range  for  cold  are  es- 
pecially susceptible.  There  are  innumerable  examples  at 
hand  which  will  furnish  illustrations  of  the  various  causes  of 
winter-killing.  For  example,  low  vitality  is  well  illustrated 
by  the  large  number  of  old  apple  trees  which  have  died  in 
the  last  two  years.  The  old,  neglected  orchards  were  the 
worst  sufferers  from  the  effects  of  winter-killing,  and  many 
isolated  trees,  such  as  cherry  trees  that  had  received  no  care 
for  some  years,  were  badly  affected. 

In  one  instance  a  number  of  peach  trees  and  various  kinds 
of  slii'ubbery,  both  native  and  exotic,  were  severely  injured 
where  located  near  an  overflow  from  a  cesspool,  while  similar 
shrubbery  near  by  was  not  injured  in  the  least.  This  injur^^ 
was  due  to  the  more  rapid  and  tender  growth  of  those  plants 
which  received  benefit  from  the  cesspool  overflow.  Per- 
fectly hardy  native  plants,  being  deprived  of  a  normal 
amount  of  light  or  grown  in  too  dry  places,  are  winter-killed 
readily  ;  and  Japanese  maples  on  high,  dry  ground  with 
severe  exposure  are  extremely  subject  to  winter-killing. 

B\'  far  the  most  noticeable  effects  of  winter-killinof  have 
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occurred  above  ground.  This  in  some  cases  has  resulted  in 
local  injuries  to  the  trunk  or  in  the  loss  of  a  few  limbs, 
which  has  been  responsible  for  completely  ruining  the  sym- 
metry of  many  valuable  specimens,  while  in  other  instances 
many  plants  have  died  back  to  the  ground.  Some  of  the 
plants  which  have  been  affected  in  this  way  are  as  follows  : 
Japanese  maples,  sycamore  and  Norway  maples,  apple, 
peach,  plum,  cherry,  quince,  grape  vines,  Japanese  clematis, 
matrimony  vine,  roses,  Forsythias,  California  privet,  Amor- 
pha  fruticosa,  Callicarpa  purpurea  and  Americana,  Ampel- 
opsis  tricuspidata,  Deutzia  scabra  and  gracilis,  Diervilla 
florida-candida,  Catalpa  bungei,  Exochorda  grandiflora, 
Hibiscus  syriacus,  Magnolia  tripetala,  Lonicera  japonica- 
halliana,  Stephanandra  flexuosa,  Viburnum  tomentosum, 
Tamarix  tetrandra,  Rhus  semialata  and  ^sculus  pavia. 

Among  the  native  plants  may  be  mentioned  the  pine,  ash, 
oak,  white  birch,  alder,  spice  bush  and  holly.  We  ob- 
served large  clumps  of  white  birch  and  alders  winter-killed 
aljove  ground.  The  winter-killing  of  branches  and  twigs 
often  occurs  on  young  Japanese  maples,  especially  where  ex- 
posure is  severe  or  when  not  given  the  best  cultural  condi- 
tions ;  and  the  young  twigs  of  Norway  and  sycamore  maples 
and  horse-chestnuts  have  been  quite  susceptible  to  winter- 
killing of  late.  The  killing  of  the  buds  and  wood  occurred 
in  forsythias,  peach  and  roses.  Much  of  this  winter-killing 
of  branches,  etc.,  is  generally  followed  by  an  outbreak  of 
Nectria  cinnabarina  and  Schizophyllum. 

As  previousl}^  stated,  the  winter  of  1903-04  was  extremely 
severe  in  the  amount  of  root  killing  which  took  place.  The 
trees  showing  injury  were  the  apple,  pear,  peach,  quince, 
cherry,  plum,  white  pine,  red  and  rock  maples,  butternut, 
ash,  oak  and  elm.  Among  shrubs,  vines,  etc.,  were  the 
grape,  raspberry  and  blackberry. 

Many  of  the  exotic  ornamental  plants  suffered  in  the  same 
way,  such  as,  for  example,  the  deutzias,  California  privet, 
etc.  ;  in  fact,  many  of  the  native  and  exotic  species  showed 
killing  both  above  and  below  ground.  The  trees  which 
have  shown  root  killing  the  worst  are  apples,  red  maples, 
butternuts  and  pines.     The  effects  of  the  winter-killing  of 
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roots  manifest  themselves  in  many  ways.  Sometimes  the 
plant  is  killed  outright,  while  in  other  instances  only  a  slight 
injury  is  caused.  Many  maples,  for  example,  were  killed 
outright,  while  others  lost  only  a  certain  per  cent,  of  their 
roots,  thus  causing  thin  tops,  and  where  this  injury  was  not 
very  extensive  many  of  the  thin-top  trees  recovered  in  one 
year. 

In  some  instances  the  leaves  at  the  top  of  the  red  maple 
remained  in  a  half-developed  condition  throughout  the  sum- 
mer. In  such  cases  the  leaves  were  rather  pale  in  color, 
and  they  assumed  a  peculiar  pendulent  position  on  the 
branches.  These  trees  have  also  for  the  past  two  years 
manifested  a  premature  autunuial  coloration,  especially  on 
those  portions  with  poorly  developed  foliage,  the  result  of  a 
limited  water  supply  caused  by  winter-killing  of  the  roots. 

Apple  trees  were  affected  to  a  large  extent  by  root  kill- 
ing, and  many  hundreds  of  them  ha\'e  succumbed.  In  many 
cases  these  trees  would  have  been  saved  if  severe  pruning 
had  been  practised  at  the  time  of  the  first  appearance  of  this 
troulde,  since  severe  pruning  of  the  tops  of  the  trees  would 
have  balanced  the  root  and  branch  systems.  Peach,  plum 
and  quince  trees  were  affected  in  the  same  way,  but  tlie 
trouble  was  not  nearly  so  general  with  these.  The  same 
holds  true  for  blackl)erries,  raspberries  and  grapes.  One  of 
the  peculiarities  displayed  by  many  of  these  plants  consisted 
in  their  leaving  out  and  bearing  fruit,  then  suddenly  col- 
lapsing. 

The  white  pine  was  the  most  extensively  affected  tree. 
These  trees  in  some  localities  were  so  severely  affected  that 
many  of  them  died  during  the  spring  following  the  winter 
of  1903-04.  In  some  severe  cases  the  trunks  were  frozen 
and  badly  injured,  but  in  the  greater  majority  of  cases  the 
tips  of  the  new  leaves  became  brown  and  died.  The  dry 
summer  of  1905  was  severely  trying  for  these  partially 
affected  pines.  Had  a  normal  water  supply  been  available, 
this  injury  would  not  have  resulted.  The  specimens  which 
we  examined  had  a  large  percentage  of  the  small,  fibrous 
roots  killed,  but  in  no  case  observed  had  the  large  roots 
been    injured.     This    pine    injury    extends    throughout  the 
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whole  State,  but  appears  to  be  less  common  in  the  Connect- 
icut valley  than  elsewhere. 

One  of  the  most  distinctive  features  connected  with  the 
pine  during  the  past  summer  was  the  burning  of  the  tips  of 
the  leaves.  In  most  cases  the  young,  new  leaves  conmienced 
to  turn  yellow  at  their  ends,  as  if  sun  scorched,  but  usually 
grew  worse ;  and  in  many  instances  all  the  needles  turned 
yellow,  subsequently  died  and  dropped  off.  This  might  not 
occur  on  the  whole  tree,  but  on  only  one  or  more  branches. 
Occasionally  this  trouble  would  occur  before  the  j^oung 
needles  reached  their  normal  length  ;  and  in  such  cases  the 
needles  would  be  short  and  the  tree  would  present  a  stunted 
foliage,  as  we  sometimes  see  on  pines  grown  in  very  dry 
soil.  Many  were  inclined  to  believe  that  some  fungous 
disease  was  affecting  the  pines.  Our  examinations  of  the 
young  needles  in  earl}'  summer  showed  no  indications  of 
fungi  being  present,  and  others  have  reported  the  same 
results.  Subsequently,  however,  there  appeared  various 
species  of  fungi  on  the  leaves,  and  in  some  cases  on  the 
branches,  etc.  This  was  merely  a  natural  result  following 
the  weakened  condition  of  the  tree,  caused  by  the  affected 
root  system. 

Mrs.  Flora  W.  Patterson  of  the  Department  of  Agricul- 
ture in  Washington,  who  had  excei)tional  opportunities  to 
examine  the  pine  trouble  as  it  occurred  in  New  England  and 
elsewhere  during  the  summer,  reports  at  least  six  different 
species  of  fungi  upon  the  needles  and  branches.  From 
exammation  of  considerable  material  gathered  in  this  vState 
she  has  reported  having  found  Phoma  Harknessii,  Sacc, 
Septoria  parasitica,  Hartig,  Ilendersonia  foliicala,  Berk. 
The  Septoria  was  found  in  connection  with  the  leaves  that 
had  their  tips  burned,  and  the  Hendersonia  was  associated 
with  a  general  j^ellowing  or  irregular  spotting  of  the  needles, 
while  the  Phoma  was  found  with  a  quite  different  and  by  no 
means  common  trouble,  causing  no  serious  injury  to  the 
trees. 

In  conclusion,  we  w^ould  state  that  the  trouble  affecting 
the  pine  in  this  State  was  due  primarily  to  the  extreme 
winter-killing  of  the  roots  during  the  winter  of  1903-04, 
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together  with  the  unusuall}'  severe  drought  occurring  in  the 
summer  of  1905.  The  occurrence  of  so  many  different  fungi 
on  the  pine,  which  especially  predominated  during  the  late 
sunnner  and  fall,  was  very  largely  a  secondary  result  of  the 
weakened  condition  of  the  tree  caused  by  winter-killing. 

Relation  between  Soil  Aeration  and  Germination 
AND  Growth. 

For  some  time  our  attention  has  been  given  to  the  relation 
existing  between  seed  germination  and  plant  development, 
and  soil  texture  and  aeration.  This  problem  possesses  a 
practical  bearing,  inasnuich  as  it  underlies  the  question  of 
soil  selection  for  specific  crops.  It  is  not  our  purpose  at 
present  to  go  extensively  into  this  subject,  but  only  to  touch 
upon  one  phase  of  it.  It  is  well  known  to  gardeners  and 
others  that  aeration,  or  the  presence  of  air  in  soils,  plays 
quite  an  important  role  in  the  development  of  seedlings. 
This  experiment  was  made  to  determine  what  effects  forcing- 
air  through  soil  would  have  upon  germination  and  growth. 
For  this  purpose  we  made  use  of  loam  placed  in  two  boxes, 
18  by  18  by  18  inches.  In  each  box  there  was  a  round 
funnel,  41/^  inches  in  diameter,  buried  under  the  soil  lyo 
inches  from  the  surface.  Both  funnels  were  connected  with 
block  tin  tubes  leading  outside  of  the  box,  one  of  which  was 
attached  for  a  period  of  six  hours  each  day  to  a  water  blower, 
and  the  other  remained  unconnected.  Lettuce  seed,  which 
is  quite  susceptible  to  aeration,  was  employed,  and  1,500 
seeds  were  })laced  in  each  box,  and  the  necessary  data  per- 
taining to  germination,  etc.,  were  noted. 


Tabic  showing  ResiiUs   of  Aei-alion  on   Growth  of  Lettuce   Seedlings. 
1,500  Seeds  in  Each  Box. 


Number  of 

Plants 
obtained. 

Weight  of  Seedlings 
(Grams). 

Average  Gain 
in  Weight 

Total. 

Average. 

(Per  Cent.). 

Unaerated 

Aerated 

'.>T7 
1,210 

8.S 
15-2 

.0847 
.1-239 

46.27 
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From  (he  pr('0(>dini>-  table  it  will  bo  noted  that  there  wa.s 
con-sidcrable  more  seed  germinated  in  the  aerated  box  than 
in  the  unaerated  one,  as  noted  by  the  number  of  plants  ob- 
tained ;  and  that  the  average  weight  of  the  seedlings  in  the 
aerated  exceeded  those  in  the  unaerated  by  46  per  cent. 
The  seeds  in  the  aerated  box  showed  decided  acceleration  in 
germination,  there  being  a  difference  of  at  least  thirty-six 
hours  in  favor  of  the  aerated  seed.  This  experiment  lasted 
from  October  5  to  November  8,  and  the  difference  in  the 
size  of  the  plants  became  more  marked  each  day.  In  the 
aerated  box  the  plants  were  noticeably  larger  over  the  funnel, 
while  in  the  unaerated  box  the  plants  were  largest  near  the 
edges  of  the  box,  where  the  soil  had  shrunk  away  from  the 
sides,  which  enabled  the  roots  of  the  seedlings  to  have  free 
access  to  air. 

That  oxygen  plays  an  important  part  in  the  germination 
of  lettuce  .seed  is  quite  evident  from  many  experiments  we 
have  made  with  this  species.  The  mere  fact  of  covering 
lettuce  seed  loosely  or  sifting  fine  loam  on  them  results  fre- 
(j[uently  in  enormous  differences  in  the  germination.  Such 
seeds  as  lettuce  and  white  clover  are  particularly  susceptible 
to  aeration  ;  and,  according  to  our  numerous  experiments, 
these  seeds  germinate  best  in  soils  of  loose  texture. 

Comparison  of  Sterilized  Loam  and  Subsoil. 

Some  experiments  were  conducted  two  years  ago  by  Mr. 
S.  R.  Parker,  then  a  senior  specialist  in  the  agricultural  de- 
partment of  the  college,  which  necessitated  using  a  sterilized 
soil.  In  all  of  Mr.  Parker's  cultures,  which  were  made  in 
a  soil  very  poor  in  organic  matter,  there  was  an  extremely 
poor  and  sickly  growth  of  soy  l)ean  in  those  pots  which  had 
been  sterilized,  whereas  the  growth  was  good  in  pots  which 
had  not  been  steamed.  The  experiments  were  carried  on  in 
our  greenhouse,  and  the  results  were  so  different  from  those 
occurring  in  sterilized  loam  that  it  was  considered  wise  to 
repeat  them. 

A  soil  similar  to  this  had  previously  been  sterilized  for 
the  growth  of  tobacco  seedlings,  without  producing  similar 
disastrous  effects  upon  the  plants.     In  the  single  experiment 
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given  here  we  made  use  of  a  similar  soil,  namely,  a  yellow 
subsoil  loam,  containing  little  organic  matter.  Eight  pots 
were  selected,  four  of  which  contained  loam  and  four  sub- 
soil. Of  these,  tw^o  each  of  the  loam  and  subsoil  pots  were 
sterilized,  and  two  each  of  the  remaining  pots  were  left  un- 
sterilized.     The  results  follow. 

Table  showing  Oroivth  of  Soy  Bean  in  Sterilized  and  UnsLerilizcd  Loam 

and  Subsoil. 


Loam, 
Subsoil, 


Total 
Number 
of  Pots 

used. 


Average  Length  (cm.)  of 
Stems  in  — 


Unsterilized 
Soil. 


9.53 
9.79 


Sterilized 
Soil. 


10.87 
4.14 


Gain  {-\-\  or 

Loss  ( — )  in 

Sterilized 

Soil  (Per 

Cent.). 


+  14.05 
—  57.70 


The  num))er  of  seeds  germinated  in  unsterilized  loam  and 
soil  was  30,  that  for  the  sterilized  34,  showing  a  slight  gain 
in  favor  of  sterilization,  which  is  unimportant,  considering 
the  small  number  of  seeds  used.  There  is  also  a  gain  in 
height  of  loam  plants  of  14  percent,  in  favor  of  steriliza- 
tion, while  in  the  subsoil  series  there  is  a  loss  of  57  per  cent, 
due  to  treatment.  The  subsoil  pots  also  showed  a  poor, 
sickly  development.  This  corresponded  in  every  way  with 
the  results  obtained  by  Mr.  Parker  in  his  experiments. 
This  experiment  shows,  among  other  things,  that  extreme 
precaution  is  necessary  in  drawing  deductions  from  experi- 
ments in  which  the  soil  is  sterilized,  especially  where  inocu- 
lation work  is  undertaken  in  connection  with  soil  organisms. 

Influence  of  Soil  Sterilization  ox  Seed  Germination. 
In  a  previous  report  ^  the  results  of  a  similar  series  of  ex- 
periments were  described,  and  this  paper  is  a  continuation 
of  the  earlier  one.  As  in  the  preceding  series,  the  seeds 
selected  were  in  most  cases  from  an  old  lot,  which  possessed 
a  rather  low  germinating  cai)acity.  The  object  of  these 
experiments  was  to  ascertain  the  degree  of  acceleration  in 
germination  which  would  result  from  plant  seed  in  steril- 


•  Fifteenth  annual  report  of  the  Hatch  Experiment  Station,  p.  41,  l'.K).j. 
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izcd  soil.  Kesult«  of  a  similar  nature  have  been  observed 
by  us  a  number  of  times  in  an  incidental  way  Avlien  utiliz- 
ing sterilized  soils  in  our  general  experimental  work  in  the 
greenhouse.  Tlie  seeds  were  planted  in  boxes  18  by  12  by 
3  inches,  and  })revious  to  planting  the  soil  in  tlie  sterilized 
boxes  was  heated  by  steam  to  a  temperature  of  about  212° 
F.  for  one  hour.  The  soil  used  constituted  a  good  typical 
loam,  characteristic  of  this  region,  and  the  sterilized  and 
unsterilized  soils  were  identical  in  every  Avay  except  as  to 
steaming.  Other  conditions,  such  as  heat,  light,  degree  of 
moisture,  etc.,  were  made  the  same  as  far  as  practicable. 
In  Nos.  15  to  23,  inclusive,  600  seeds  were  used  in  three 
separate  experiments,  where  100  seeds  were  sown  in  ster- 
ilized soil  and  100  in  unsterilized  soil.  In  Nos.  25  to 
34,  inclusive,  800  seeds  each  were  employed,  there  being 
two  experiments.     No.  39  is  the  result  of  only  one  experi- 

Tdble  showimj  the  Gcnninatioii,  of  tSccds  in  Slcrilizcd  and  Uuslerilizcd 

Soil. 


Kind  of  Seed. 

Total 
Number 
of  Seeds 
tested. 

Number  Germinated  in^ 

Laboratory  Number. 

Sterilized 
Soil. 

Unsterilized 
Soil. 

Per  Cent, 
gained. 

15, 

Turnip, 

600 

159 

54 

35.00 

16, 

Radisli, 

GOO 

148 

101 

15.66 

17, 

Onion, 

600 

148 

94 

18.00 

18, 

Red  clovci-. 

600 

2.36 

203 

11.00 

W, 

Lettuce, 

600 

289 

267 

7.33 

20, 

Musk  melon,     . 

600 

- 

- 

- 

21, 

Lettuce, 

()00 

208 

51 

52.33 

22, 

Tomato, 

600 

79 

63 

5.33 

23, 

Crimson  clover. 

600 

15 

4 

3.66 

25, 

Melilotus,  . 

800 

133 

109 

5.75 

26, 

Spinach,     . 

800 

378 

246 

33.00 

27, 

Peppergrass,     . 

800 

233 

106 

31.75 

29, 

Japanese  millet, 

800 

- 

- 

- 

32, 

White  mustard, 

800 

242 

65 

44.25 

33, 

White  carrot,    . 

800 

- 

- 

- 

34, 

Winter  vetch,    . 

800 

30 

8 

5.50 

39, 

Soy  beau,  . 

1,000 

365 

175 

88.00 

Av 

erag 

e. 

- 

- 

- 

21.89 
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ment,  this  being  made  in  the  greenhouse  bench  soil;  500 
seeds  Avere  sown  in  unsterilized  soil  and  500  in  sterilized 
soil. 

The  data  given  in  the  table  show  that  there  occurred  a 
positive  gain  in  germination  of  the  seed  sown  in  sterilized 
soil.  Nos.  20,  29  and  33,  however,  were  old  seed,  which 
had  apparently  lost  their  power  of  germinating,  and  the 
stimulating  eftect  induced  by  soil  sterilization  evidently  had 
no  etlect  on  them.  There  is  no  reason  for  believing  that 
when  seeds  have  once  lost  their  germinating  power,  or,  in 
other  words,  are  dead,  this  process  will  revive  them.  The 
percentage  gained  in  some  instances  is  (|uite  marked,  while 
in  others  it  is  insignificant.  The  average  obtained  from  this 
series  is  21  per  cent.  On  account  of  the  low  germinating 
capacity  prevailing  here  in  many  instances,  the  percentage 
gained  is  only  indicative,  since  it  would  be  necessary  to 
employ  a  larger  num))er  of  seeds  to  obtain  more  accurate 
averages.  It  should  be  pointed  out,  however,  that  better 
results  than  those  given  in  these  experiments  have  been  ob- 
served many  times  in  connection  with  lettuce,  cucumber, 
melon  seed,  etc.,  in  the  greenhouse,  where  seed  was  used 
on  a  much  larger  scale.  The  degree  of  acceleration  in  ger- 
mination is  also  marked^  a  feature  which  has  been  fre(|uently 
noticed  by  us  before.  The  number  of  seeds  germinated  dur- 
ing the  first  few  days  of  these  experiments,  including  Nos. 
15  to  34,  inclusive,  was  1()9  for  the  sterilized  soil  and  146 
for  the  normal  loam,  or  a  gain  of  14  per  cent,  in  favor  of 
the  sterilized  soil.  In  the  former  series  of  experiments, 
previously  noted,  we  obtained  25  per  cent,  of  acceleration 
at  the  end  of  four  days.  There  undoubtedly  exists  a  differ- 
ence in  seeds  in  their  response  to  stimulation  in  sterilized 
soils.  Tomatoes,  for  example,  respond  but  little  if  any  to 
this  method  of  treatment.  The  cause  of  this  variation  in 
dilferent  species  of  seeds  is  not  known.  Experiments  are 
now  being  made  along  different  lines  which  may  throw  some 
light  on  this  question.  The  benefit  to  be  derived  from  sow- 
ing seed  in  sterilized  soil,  both  from  a  physiological  and 
pathological  point  of  vicw%  is  important  enough  to  warrant 
in  many  instances  its  practice. 
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Influence   of   Soil   Decoctions  on   Seed  Germination. 

Some  attempt  has  been  made  in  the  following  experiments 
to  ascertain  the  cause  underlying-  the  effects  Avhich  sterilized 
soil  has  on  seed  germination.  The  question  has  often  arisen, 
In  what  manner  does  soil  sterilizing  affect  seed  germination  ? 
Is  the  cause  underlying  this  form  of  stimulation  a  mechanical 
one,  or  a  chemical  one?  In  all  probability  both  mechanical 
and  chemical  factors  play  a  role  here.  If,  however,  the 
stimulus  is  of  a  chemical  nature  (and  such  types  of  stimula- 
tion are  common  enough  to  seeds) ,  Ave  would  expect  some 
response  to  occur  on  the  part  of  the  seeds  when  treated  with 
decoctions  of  sterilized  soils.  For  special  reasons  we  there- 
fore selected  two  types  of  soils,  one  of  which  was  a  typical 
Amherst  loam,  fairly  rich  in  organic  matter  and  suitable  for 
greenhouse  culture  ;  the  other  soil  a  yellow  loam  of  the 
nature  of  an  Amherst  subsoil,  deficient  in  nitrogen  and  con- 
taining only  a  slight  amount  of  organic  matter.  Three  sets 
of  experiments  were  carried  out  with  each  soil.  In  each  set 
there  was  a  boiled  loam  and  subsoil,  a  sterilized  loam  and 
subsoil,  and  a  normal  loam  and  sul)soil.  The  boiling  and 
sterilizing  lasted  fifteen  minutes,  the  latter  being  mostly 
done  in  an  autoclave,  under  fifteen  pounds  pressure  and  at  a 
temperature  of  250°  F.  In  all  cases  400  grams  of  soil  were 
employed.  The  soils  were  placed  in  percolators,  with 
500  c.c.  of  distilled  water,  and  allowed  to  stand  for  twelve 
hours  and  to  percolate  very  slowly.  Four  hundred  grams 
of  normal  loam  and  subsoil,  that  is,  soil  that  is  not  treated, 
were  percolated  in  the  same  manner  as  the  others.  In  addi- 
tion to  the  above  tests,  tap  water  cultures  were  employed  as 
checks,  and  run  parallel  in  every  way  to  the  others. 

In  some  instances,  however,  distilled  water  was  used, 
besides  the  tap  water,  but  since  no  difference  existed  between 
them,  the  distilled  water  tests  were  discontinued.  After  a 
percolate  had  been  obtained  for  the  various  soils,  the  seeds 
were  soaked  in  them  for  six  hours,  and  then  placed  in  ger- 
minators  of  the  Zurich  type,  or  into  germinators  composed 
of  flower  pot  saucers  provided  with  filter  paper.  In  one  or 
two  instances  the  soy  bean  was  germinated  in  sawdust. 
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Table  I.  —  Showimj  the  Influence  of  Soil  Decoctions  u2)on  Oermviation 
of  Seeds  immersed  for  Six  Hours  in  Decoctions  made  by  licrcolating 
500  G.c.  of  Water  through  400  Grams  of  Soil;  800  Seeds  used  in 
Each  Treatment,  except  with  the  Soy  Bean,  where  only  700  ivere 
■used,  making  a  Total  of  21 ,  700  Seeds. 


Percentage  op  Germination  in  — 

Seed. 

Tap 

Water. 

Normal 
Loam. 

Normal 
Subsoil. 

Boiled 
Loam. 

Boiled 
Subsoil. 

Sterilized 
Loam. 

Sterilized 
Subsoil. 

Soj-  bean, 

28.3 

25.5 

33.0 

33.9 

34.9 

18.6 

32.6 

Buckwliciit,     . 

.iit.S 

72.0 

70.7 

6'.).  5 

70.8 

53.5 

73.1 

Radish,    . 

.52.7 

51.7 

,53.1 

51.8 

56.7 

48.5 

52.3 

Lettuce,   . 

70.2 

82.3 

71.8 

80.7 

77.6 

71.6 

61.8 

Average,  . 

52.7 
.52.7 

.57.8 

.57.1 

58.9 

60.0 

48.0 

54.9 

Total   average, 

57 

.4 

59.4 

51.5 

The  })rcccding  table  shf)ws  the  results  obtained  from  ex- 
periments in  Avhich  21,700  seeds  were  emploj^ed.  Since  a 
large  number  of  seeds  were  used  in  these  experiments,  quite 
accurate  averages  were  obtained,  and  the  factors  due  to 
variation  are  eliminated  to  a  large  extent.  There  is  appar- 
ently a  slight  gain  due  to  treatment  shown  in  these  experi- 
ments. The  best  average  results  were  given  by  the  boiled 
subsoil  and  loam,  followed  by  the  normal,  while  the  sterilized 
loam  is  below  the  tap  water  seeds.  By  noting  carefully  the 
results  obtained  in  these  experiments,  together  with  the 
nature  and  color  of  the  decoctions,  we  surmised  that  the  de- 
coctions were  too  strong  for  the  best  results,  consequently 
they  were  diluted  with  Avater  to  one-half  strength  in  the  next 
experiment. 


11)0(5.] 


PUBLK'    DOC^UMENT— No.   HH. 


131 


Table  IT.  —  Showing  the  Lifltceiice  of  Soil  Decoctions  ujion  Germina- 
tion of  Seeds  immersed  for  Six  ITotirs  in  Decoctions  made  by  per- 
colating 500  c.c.  of  Water  through  400  Grams  of  Soil,  diluted  to 
Half  Strength;  000  Seeds  used  in  Each  Treatment,  making  a  Total 
of  16,800  Seeds. 


Percentage  of  Germination  in 

— 

Seed. 

Tap 

Water. 

Normal 
Loam. 

Normal 
Subsoil. 

Boiled 
Loam. 

Boiled 
Subsoil. 

Sterilized 
Loam. 

Sterilized 
Subsoil. 

Soy  bean, 

50.0 

50.2 

51.0 

55.5 

53.5 

55.2 

.51.7 

Buckwheat,    . 

77.2 

70.5 

81.2 

82.5 

83.5 

72.5 

73.0 

Radish,    . 

48.0 

53.2 

48.0 

5i).7 

53.0 

60.5 

58.5 

Lettuce,  . 

82.2 

&'?.7 

87.2 

78.0 

73.7 

74.0 

80.8 

Average,  . 

64.3 
64.3 

64.4 

66.8 

68.9 

65.  y 

65.5 

66.0 

Total  average, 

65 

.6 

67 

.4 

65.7 

These  experiments  are  similar  to  the  previous  ones,  except 
tliat  half-strength  decoctions  were  used  in  all  cases.  The 
results  obtained  from  these  three  experiments  are  remark- 
ably uniform  in  character,  tlie  tap  water  giving  practically 
the  same  results  as  the  decoctions. 


Table  III.  —  Showing  the  Influence  of  Soil  Decoctions  upon  Germina- 
tion of  Seeds  immersed  for  Six  Hours  in  Decoctions  made  by  per- 
colating 500  c.c.  of  Water  through  400  Grams  of  Soil,  diluted 
to  One-fourth  Strength ;  600  Seeds  used  with  Radish  and  Buckwheat, 
400  Seeds  ivith  Lettuce  and  Soy  Bean,  snaking  a  Total  of  14,000 
Seeds. 


Percentage  op  Germination  in 

— 

Seed. 

Tap 
Water. 

Normal 
Loam. 

Normal 
Subsoil. 

Boiled 
Loam. 

Boiled 
Subsoil. 

Sterilized 
Loam. 

Sterilized 
Subsoil. 

Soy  bean, 

84.0 

74.5 

89.5 

73.0 

83.5 

77.5 

84.0 

Buckwheat,    . 

66.5 

91.7 

85.0 

93.7 

91.7 

82.7 

83.7 

Radish,    . 

65.5 

64.5 

62.. 5- 

46.5 

.50.0 

55.5 

56.5 

Lettuce,  . 

74.5 

72.7 

72.7 

63.7 

70.7 

65.2 

69.5 

Average,  . 

72.6 
72.6 

75.8 

77.4 

69.2 

73.9 

70.2 

71 

73.4 

Total  average. 

76 

.6 

71 

.5 

.8 

In  the  experiment  with  the  one-fourth  strength  decoctions, 
14,000    seeds  were    employed,  representing   three    experi- 


132 


HATCH    EXPERIMENT    STATION. 


[J:in 


ments.  There  is  a  slight  increase  shown  in  this  series,  due 
to  treatment,  which  is  the  most  marked  in  the  normal  loam 
and  subsoil. 


Table  IV.  —  Hhoiving  the  Influence  of  Soil  Decoctions  upon  Oermina- 
lion  of  Seeds  immersed  for  Six  Hours  in  Decoctions  made  by  i^cr- 
colating  300  c.c.  of  Water  through  400  drains  of  Soil,  diluted  to 
One-eighth  Strength ;  200  Seeds  used  in  Each  Treatment,  making 
a  Total  of  5,600  Seeds. 


Percentage  of  Germination  in 

— 

Seed. 

Tap 
Water. 

Normal 
Loam. 

Normal 
Subsoil. 

Boiled 
Loam. 

Boiled 
Subsoil. 

Sterilized 
Loam. 

Sterilized 
Subsoil. 

Soy  bean, 

75.5 

75.0 

75.5 

85.5 

85.0 

87.0 

80.5 

Biu-kwheat,    . 

66.5 

82.0 

83.0 

84.5 

81.5 

78.5 

83.5 

Radisli,     . 

55.0 

70.0 

69.0 

77.5 

81.5 

78.5 

72.0 

Lettuce,  . 

70.0 

68.5 

74.5 

98.9 

73.0 

77.0 

79.5 

Average,  . 

66.7 
66.7 

73.8 

75.5 

86.6 

80.2 

80.2 

78.8 

Total  average, 

74 

.6 

83 

.4 

79.4 

The  experiment  with  one-eighth  strength  decoction  shows 
a  decided  gain  throughout  in  the  treated  seeds,  the  most 
marked  being  given  by  the  boiled  and  sterilized  loams  and 
subsoil  decoctions.  No  further  dilutions  were  tried,  but 
from  a  careful  study  of  the  results  of  these  experiments  we 
are  inclined  to  the  belief  that  if  more  dilute  solutions  were 
used  an  increased  gain  would  occur,  especially  in  the  steril- 
ized series,  since  the  most  highly  colored  decoctions  were 
obtained  from  the  sterilized  soils  and  the  next  highest  color 
from  the  boiled  soils.  It  appears  to  us  that  the  sterilized 
decoctions  were  too  strong,  even  when  diluted  to  one-eighth 
strength .  Some  variation  in  the  strength  of  the  decoctions 
is  likely  to  occur  as  a  result  of  different  percolators,  and  the 
failure  of  the  one-fourth  and  one-half  strength  to  show  more 
of  an  acceleration  may  be  attributed  to  this  cause. 

The  following  table  gives  the  number  of  seeds  that  germi- 
nated in  the  first  twenty-four  hours  in  the  preceding  experi- 
ments, including  tables  I.,  IL,  HI.  and  IV.,  from  which  the 
degrees  of  acceleration  and  retardation  due  to  treatment  can 
be  obtained. 
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Table  V.  —  Showing  the  Degree  of  Retardation  and  Acceleration  in 
Qerminalion  of  Seeds  soaked  for  Six  Hours  in  Decoctions  of  Differ- 
ent Strengths  made  by  dihitiny  500  ex.  of  Water  ivhich  had  per- 
colated throiigh  400  drains  of  Soil  treated  as  below. 


Number 

of 

Seeds 

per 
Treat- 
meut. 

Per  Cent,  germinated  in  Twenty-fours  Hours  in  — 

Tap 
Water. 

Normal 
Loaui. 

Normal 
Subsoil. 

Boiled 
Loam. 

Boiled 
Subsoil. 

Steril- 
ized 
Loam. 

Steril- 
ized 
Subsoil. 

Soy  liean. 

Pull  streuj^tli,    . 

(iOO 

27.7 

27.5 

30.5 

33.1 

29.5 

8.3 

27.5 

Half  strength,  . 

•200 

22.0 

20.0 

17.0 

21.0 

23.0 

23.0 

23.5 

Buckwheat. 

Full  strength,    . 

GOO 

50. 0 

70.1 

73.6 

63.1 

66.6 

33.8 

70.8 

Half  strength,  . 

400 

55.0 

44.2 

57.5 

57.2 

31.7 

36.7 

46.2 

Quarter  streugtli,     . 

400 

43.7 

59.5 

.50.2 

57.2 

59.0 

52.7 

64.5 

Eighth  strength, 

'2(X) 

58.5 

70.0 

60.0 

78.0 

74.5 

62.0 

62.5 

liwlish. 

Full  strength,    . 

800 

30-7 

27.0 

29.8 

30.5 

37.5 

16.6 

32.0 

Half  strength,  . 

400 

28.0 

37.5 

30.2 

41.7 

37.5 

43.0 

32.2 

Quarter  strength, 

400 

45.0 

43.5 

39.0 

17.5 

24.0 

37.0 

37.0 

Eighth  strength. 

200 

32.5 

64.5 

61.5 

68.0 

73.0 

69.5 

61.0 

Lettuce. 

Full  strength,    . 

800 

37.5 

35.8 

39.3 

34.5 

41.5 

37.3 

35.1 

Half  strength,  . 

400 

!5!).0 

72.5 

63.2 

74.0 

46.0 

50.2 

70.7 

Quarter  strength,     . 

400 

67.0 

52.0 

55.7 

44.5 

.51.5 

53.5 

56.5 

Eighth  strength. 

200 

_ 

51.0 

55.0 

55.0 

83.0 

52.0 

72.0 

64.5 

Average, 

41.8 

45.3 

44.7 

47.3 

43.7 

39.1 

45.9 

Average  normal 
and  total  treated. 

i 

41.8 

45.0 

45.5            1 

42 

5 

{ 

41.8 

44.3 

This  table  gives  the  results  of  germination  during  the  first 
twenty-four  hours  of  42,000  seeds,  and  the  degree  of  accel- 
eration obtained  corresponds  in  a  general  way  with  the  total 
number  germinated  as  given  in  the  preceding  tables  ;  or,  in 
other  words,  the  relationship  between  acceleration  and  the 
total  number  of  seeds  germinated  is  similar.  Comparing 
the  average  num1)er  of  seeds  germinated  during  the  first 
twenty-four  hours  by  the  various  treatments  with  tap  water, 
there  are  no  im})ortant  differences  shown.      On  the  whole, 
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however,  there  is  a  gain  or  acceleration  due  to  treatment, 
the  maximum  acceleration  being  shown  by  the  boiled  loam. 

A  comparison  of  the  different  strengths  of  solutions  shows 
that  the  one-eighth  dilution  produced  the  best  results  of  any 
of  the  treatments,  that  for  boiled  loam  being  the  highest. 
This  series  of  experiments  shows  that  decoctions  of  soils 
variously  treated  induce  acceleration  in  seed  germination, 
and  that  a  laroer  number  of  seeds  o-erminated  in  decoctions 
than  in  tap  water.  This  increase  is  quite  marked  in  dilute 
decoctions  (one-eighth  strength),  and  Avould  probably  be 
increased  to  some  extent  if  the  dilution  should  be  carried 
still  further.  In  these  experiments  we  have  a  chemical  ex- 
planation for  the  cause  underlying  acceleration  and  increased 
germinating  capacity  in  sterilized  soils.  Undoubtedly  driv- 
ing out  the  gases  and  the  subsequent  absorption  and  renewal 
of  fresh  oxygen  in  sterilizing  practices  acts  beneficially  to 
soil  and  induces  the  seeds  to  germinate  more  quickly,  as 
is  shown  by  the  aerating  experiments  previously  reported. 
By  the  process  of  aeration,  or  by  soaking  seeds  in  dilute 
decoctions,  many  seeds  germinate  that  otherwise  would  not; 
but  there  is  no  ground  for  belief  that  any  of  these  stimulat- 
ing processes  actually  revive  or  rejuvenate  worthless  seeds 
to  a  greater  extent  than  would  result  from  the  most  favor- 
able conditions  for  germination. 

Sterilized  subsoil,  or  that  lacking  in  humus,  has  the  same 
effect  on  germination  as  sterilized  loam  rich  in  organic  mat- 
ter ;  but  it  inhi))its  gi'owth  to  a  very  large  extent,  thereby 
differing  in  this  respect.  It  would  appear,  therefore,  that  a 
considerable  amount  of  humus  is  necessary  in  soils,  in  order 
that  they  may  be  materially  benefited  by  sterilization. 

The  reason  that  bacteria  multiply  more  and  })lants  grow 
much  more  luxuriantly  in  sterilized  soils  is  undoubtedly  due 
to  the  fact  that  a  larger  amount  of  available  material  for 
plant  development  is  present.  Why  subsoils  and  those  poor 
in  organic  matter  give  rise  to  a  greatly  inhibited  growth  is 
not  so  clear  at  present,  and  Ave  are  not  prepared  to  oiler 
any  explanation  of  this  phenomenon. 
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Seed  Selection. 

It  is  a  well-known  fact  that  heavy,  well-developed  seeds 
produce  more  vigorous  and  more  productive  plants  than 
llgliter  seeds  of  the  same  variety.  This  is  altogether  a  rea- 
sonable statement,  because  the  heavy,  well-filled  seed  has  the 
more  perfect  embryo,  and  also  has  the  larger  supply  of  plant 
food  on  which  to  support  the  seedling  until  the  plant  is 
capable  of  getting  its  nourishment  from  the  air  and  soil. 

With  such  crops  as  wheat,  rye  and  the  grasses,  the  selec- 
tion of  seed  is  not  of  so  very  great  importance,  because 
usually  an  overabundance  of  seeds  is  planted,  and  sufficient 
seeds  develop  so  that  in  the  natural  struggle  for  existence 
in  their  overcrowded  state  the  weaker  and  less  vigorous 
plants  are  crowded  out  and  only  the  more  vigorous  and 
healthy  plants  reach  maturity  ;  and  this  number  which  reaches 
maturity  represents  the  maximum  number  of  plants  that  can 
be  developed  under  existing  conditions,  so  that  nothing  in 
the  crop  is  lost  by  this  crowding  out  of  the  weaker  plants. 
On  the  other  hand,  with  greenhouse,  market  gardening  and 
general  field  or  what  is  known  as  hoed  crops,  the  conditions 
are  entirely  different.  In  this  case  each  plant  has  its  full 
share  of  light,  heat  and  space,  and  a  poor,  weakly  plant  is 
just  so  much  loss,  not  only  because  it  occupies  a  space  that 
ought  to  produce  a  well-developed  plant,  but  also  because  a 
number  of  undersized,  weakly  plants  in  a  crop  detracts  from 
the  market  value  of  the  crop  as  a  whole,  and  also  because 
weak  plants  are  more  subject  to  disease,  and  act  as  a  breed- 
ing-place for  diseases  that  may  infect  the  whole  crop  ;  there- 
fore, the  careful  selection  of  seed  becomes  an  important  factor 
in  growing  plants.  In  the  case  of  large  seeds,  such  as  corn, 
this  selection  is  comparatively  an  easy  matter.  An  ear  of 
corn  of  the  desired  type,  having  kernels  of  a  desirable  size 
and  shape  and  of  full  development,  may  be  picked  out,  and 
by  discarding  the  poor,  undeveloped  seeds  at  either  end  the 
rest  of  the  seeds  may  be  utilized  for  planting.  Here  knowl- 
edge of  the  type  of  seed  and  judgment  only  may  be  relied 
upon.  Beans,  peas,  etc.,  may  be  selected  in  much  the  same 
way,  with  reasonable  assurance  that  the  best  results  will  be 
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obtained.  In  the  case  of  such  seeds  as  lettuce,  turnip, 
cabbage,  tobacco  and  other  small  seeds  this  method  of  sepa- 
ration is  not  practicable,  and  other  methods  have  to  be 
resorted  to. 

From  early  times  the  separation  of  seeds  by  means  of 
water  has  been  practised  to  a  considerable  extent.  In  this 
case  the  seed  is  placed  in  a  quantity  of  water,  well  shaken 
and  let  stand  a  few  minutes,  then  the  seeds  which  do  not 
sink  are  removed,  and  only  those  that  have  sunk  used  for 
planting. 

The  results  of  some  of  our  experiments  with  this  method 
of  separation  are  given  in  the  tables  following. 


Table  I.  —  Shoiving  the  liesuUs  of  Gei'mimUio'n  with  Onion  and  Lettuce 
Seed  sexiarated  by  the  Water  Method;  400  Seeds  tised  in  Each,  or  a 
Total  of  1,600. 


Onion, . 
Onion, . 
Onion, . 
Lettuce, 


Seed. 


Per  Cent,  germinated  op  - 


Liglit. 


38.0 
50.0 
44.0 

68.0 


Heavy. 


85.0 
58.5 
88.0 
90.0 


Per  Cent. 

Increase  of 

Germination 

of  Heavy 

over  Ligiit. 


142.5 
17.0 

100.0 
32.3 


Table  II.  —  Shovnnrj  the  Hesults  of  Seed  Germination  and  Qroivth  of 
Onion  Seedlings  separated  by  Water ;  200  Seeds  in  Each  Lot,  or  a 
Total  of  400  used. 


Onion. 

Per  Cent. 

of  Ger- 
mination. 

Number 
of  Plants. 

Weight  of  Plants 
(Grams). 

Average 

Per  Cent. 

gained  of 

Heavy  over 

Light. 

Total. 

Average. 

Heavy  (s.anli),     . 
Liglit  (lloated),  . 

42.5 
19.5 

85 
38 

18.1 
5.9 

.213 
.155 

37.42 

This  method,  however,  is  not  entirely  satisfactory,  because 
many  of  the  heavier  seeds  are  buoyed  up  hy  air  bubbles  and 
therefore  thrown  away,  and  in  our  work  we  have  noticed 
that  a  few  of  the  undersized  seeds  also  oo  to  the  bottom. 
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Many  investigators  ^  have  carried  this  process  still  farther, 
and  separated  their  seeds  by  what  is  known  as  the  specific 
gravity  method.  In  this  case  solutions  of  salt  (sodium 
chloride),  ammonium  nitrate,  sodium  nitrate,  potassium 
nitrate  and  calcium  chloride  have  been  used.  For  this  pur- 
pose solutions  of  ditt'erent  s})eciHc  gravities  have  been  made, 
in  Avhich  the  seeds  were  placed,  first  in  that  solution  Avith  the 
highest  specific  gravity.  The  seeds  which  floated  in  this 
solution  were  skimmed  off  and  i)laced  in  that  of  the  next 
highest  specific  gravity,  and  so  on.  It  has  been  found  that 
by  this  method  seeds  of  the  same  variety,  of  a  uniform,  sound 
condition,  difl*er  in  specific  gravities  only  within  a  very 
narrow  range.  This,  however,  does  not  seem  to  be  a  very 
practical  plan,  as  it  involves  the  making  of  solutions  of 
tested  specific  gravity  and  quite  a  little  mechanical  manipu- 
lation. Another  method,  known  as  the  specific  gravity 
sampling  method,  is  perhaps  of  less  value,  as  in  this  case 
one  lot  of  seed  is  compared  with  others  in  bulk,  without 
separating  the  poor  and  undeveloped  seeds.  It  amounts 
shnply  to  the  choosing  of  the  best  lot  from  several  samples 
of  seeds. 

The  separation  of  seeds  by  sieves  would  seem  to  be  the 
easiest  and  most  practical  way,  and  this  method  with  us  has 
given  very  good  results.  We  used  a  series  of  four  sieves, 
having  round  perforations  of  2  mm.,  1.5  mm.,  1  mm.,  and 
.05  mm.  respectively.  Ten  grams  of  seed  were  weighed 
out  and  run  through  this  series  of  sieves,  with  the  following 
results  :  — 


Table  III.  —  Showing  the  Res2ilts  of  sifting  Seeds,  in  which  10  Grams 

were  employed. 


Number  op  Sieve. 

Size  of  Seed. 

Weight  in  10 

Grams  of  Seed 

(Grams). 

Per  Cent. 

No.  1, 

No.  2 

2. 0-1., 5  mm. 

1.015 

6.089 
1.800 
0.491 

10.15 
66.88 

No.  3, 

No.  4, 

1.0-  .5  mm. 
.5-  .0  mm. 

18.00 
4.91 

'  Among  whom  may  be  noted  V.  A.  Clarke,  New  York  (Geneva)  Experiment 
Station,  Bulletin  No.  25(5. 
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Five  hundred  seeds  were  then  counted  out  from  each  of 
these  four  grades  or  sizes  of  seeds,  with  the  exception  of 
No.  4  (.5-.0  mm.),  which  was  composed  entirely  of  chaff, 
dirt,  etc.  Tliese  were  sown  in  flats  and  allowed  to  grow  for 
four  weeks,  when  the  seedlings  were  taken  up,  counted  and 
weio-hed,  Avith  the  following  results  :  — 

Table  IV.  —  Showi'ng  the  Results  of  Qermination  and  Orowlh  of  Seed- 
lings from  Three  Exjjeriments  with  Sifted  Lettuce  Seed;  1,500 
Seeds  used,  in  Each  Exjjeriment ,  making  a  Total  of  4,500  Seeds 
emj)loged. 


Per  Cent, 
gei-miuated. 

Number  of 
Seedlings. 

"Weight  of  Seedlings 
(Grams). 

Average  Per 

Cent,  gained  in 

Weight  of  Large 

over  Small 

Seedlings. 

Total. 

Average. 

2.0-1.5  mm.,  . 

1.5-1.0  mm 

1.0-  .5  mm.,  . 

56.7 
53.5 
40.4 

67-2 
642 

485 

347.5 
293.7 
126.3 

.,-,18 
.457 
.201 

98.42 
75.09 

From  this  table  it  will  be  seen  that  of  the  large  1G.3  per 
cent,  and  of  the  medium  13.1  per  cent,  more  seeds  germi- 
nated than  of  the  small  seeds,  and  that  the  four-weeks-old 
seedlings  from  the  large  seed  averaged  98.42  per  cent,  and 
those  from  the  medium  seed  75.09  per  cent,  heavier  than 
those  from  the  small  seed.  It  will  also  be  noticed  that  the 
differences  in  the  per  cent,  of  germination  and  the  weight  of 
seedlings  from  the  large  and  medium  seeds  were  not  very 
great;  l>ut  the  difference  between  the  germination,  and 
especially  in  the  weight  of  seedlings  of  the  larger  and  small 
seeds,  is  very  marked. 

We  are  of  the  opinion  that  it  would  pay  a  grower  to  sepa- 
rate his  lettuce  seed  with  a  sieve  having  a  mesh  of  one 
millimeter  in  diameter  (^2.5  inches),  and  to  use  only  such 
seed  as  did  not  pass  through  a  sieve  of  this  size.  From 
these  plants  he  could  make  a  further  selection,  as  is  custom- 
ary at  the  time  of  transplanting.  This  would  result  in 
saving  considerable  ground  space  which  is  valuable,  and  not 
onlv  would  a  more  vigorous  and  uniform  setting  of  lettuce  be 
olitained,  but  the  treatment  would  also  eliminate  many  weak 
and   undesirable  i)lants,   which  are  more  likely  to   be   su.s- 
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ceptU^le  to  disease.  In  other  words,  much  of  the  selection 
would  be  done  more  cheaply  and  easily  by  sifting  the  seed 
than  as  it  is  done  at  the  present  time,  by  selection  in  the 
seed  bed.  A  sieve  of  the  size  mentioned  can  easily  be  made 
by  purchasing  from  almost  any  tin  shop  a  piece  of  colander 
tin  of  1  millimeter  mesh,  which  can  very  readily  be  soldered 
to  a  suitable  rim,  or  even  fastened  to  a  tomato  can  which 
has  had  the  bottom  removed. 

Our  experiments  in  sifting  seed  have  been  confined,  how- 
ever, for  the  most  part  to  lettuce  seed;  and,  while  these 
seeds  can  be  separated  in  this  way  very  easily,  much  more 
difficulty  would  be  experienced  in  separating  some  other 
types  of  seed,  such  as  turnip  or  tobacco  ;  and  another  ob- 
jection to  this  method  is  that  the  size  and  weight  of  seeds  do 
not  necessarily  correspond,  that  is  to  say,  a  large  seed  may 
not  necessarily  1)e  a  heavy  one.  When  seeds  are  separated 
by  sifting,  while  the  largest  size  contains  practically  all  of 
the  heaviest  seeds  and  the  lighter  seed  is  practically  all  in  the 
small  sizes,  there  will  be  a  few  light  seeds  in  the  larger  size 
and  a  few  heavy  seeds  in  the  smaller  sizes,  so  that  this  method 
by  no  means  gives  an  absolute  division  of  the  seeds  by 
weight,  which  is  the  ideal  method  of  seed  selection. 

Mr.  A.  D.  Shamel  of  the  Connecticut  (New  Haven)  Ex- 
periment Station  uses  a  very  satisfactory  method  for  the 
separation  of  tobacco  seed,  which  we  can  do  no  better  than 
describe  in  his  own  words  :  — 

This  seed  separator  consists  of  a  glass  tube  1  inch  in  diameter 
and  5  feet  long,  and  a  glass  receptacle  for  holding  the  seeds, 
having  the  diameter  of  the  long  glass  tube,  and  so  arranged 
with  a  finely  woven  wire  screen  in  the  bottom  as  to  hold  the 
seeds  in  the  receptacle,  and  at  the  same  time  freely  admit  a 
current  of  air  directly  into  the  seed.  The  top  of  this  recep- 
tacle is  fitted  with  a  coupling  into  which  the  long  glass  tube 
can  be  set  and  held  in  place.  The  current  of  air  is  developed 
by  a  common  foot  bellows  and  regulated  with  a  valve.  The 
seed  to  be  separated  is  poured  into  the  receptacle,  usually  about 
1  to  2  ounces  at  a  time,  the  glass  tube  set  in  place  and  a  cur- 
rent of  air  pumped  into  the  seed.  The  lightest  seed  and  chalf 
are  first  blown  out  of  the  tube,  and  next  the  small  seed.     Small 
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seed  of  the  same  character  as  the  larger  seed  have  proportion- 
ally more  surface  than  the  larger,  consequently  the  small  as 
well  as  the  light  seed  is  removed  by  this  machine. 

This  seems  to  be  the  most  satisfactory  way  of  separating 
seed  that  has  j^et  been  devised,  and  no  doubt  some  shnple, 
inexpensive  instrument  modelled  from  this  device  will  soon 
be  available  for  every  farmer  and  seed  grower.  The  partic- 
ular advantages  of  this  method  seem  to  be  that  this  device  is 
adaptable  to  all  kinds  of  small  seeds,  the  only  adjustment 
needed  being  in  the  regulation  of  the  amount  or  force  of  air 
sent  through,  and  that  by  this  method  the  seed  is  separated 
according  to  weight. 

In  conclusion,  we  believe  it  desirable  with  many  kinds  of 
garden  seeds  to  separate  the  seed  and  discard  all  except  the 
large,  well-developed,  mature  and  heavy  seed,  because  :  — 

First.  —  About  33  per  cent,  of  seeds  as  placed  on  the 
market  consist  of  dirt,  chaft',  and  small,  undesirable  seeds. 

Second. — Small  or  light  seeds  do  not  germinate  well,  and 
their  seeds  produce  only  poor,  small,  undesirable  plants, 
which  prove  inferior  in  every  way. 

Third.  —  Heavy  seeds  produce  healthy,  large,  well-devel- 
oped plants,  that  will  give  maximum  ci'ops. 

FourtJt.  —  Seed  selection  or  sei)aration  is  an  inexpensive 
process  that  gives  good  results. 

Asparagus  Rust. 

The  past  summer  in  most  parts  of  Massachusetts  has  been 
an  extremely  dry  one,  and  especially  favorable,  as  was  early 
anticipated,  to  an  early  and  severe  attack  of  asparagus  rust. 
The  confinement  of  the  rust,  or  at  least  its  injurious  stage, 
to  special  localities  has  been  the  same  this  season  as  in  other 
years ;  in  other  words,  it  has  been  confined  to  soils  espe- 
cially coarse,  and  easily  aftected  by  drought. 

Since  1896  there  have  been  about  three  severe  outbreaks 
of  the  rust  in  this  State,  such  outbreaks  being  identified 
\vitli  a  dry  summer,  or  at  least  with  seasons  where  there 
have  existed  long  periods  between  rainfalls.  The  fall  or 
teleuto  stage,  however,  has  been  present  every  year  since 
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1890,  and  it  has  always  been  widely  distributed.  Any  bed 
which  has  become  once  infected  with  this  stage  remains  so, 
but  fortunately  the  damage  occurring  from  telcutospore  in- 
fection is  insignificant,  and  in  the  majority  of  cases  not 
discernible.  Asparagus  rust  has  now  become  quite  Avell 
distributed  over  the  United  States,  but  its  virulence  docs 
not  show  itself  in  the  same  degree  for  every  locality,  and 
the  problem  of  control  is  by  no  means  everywhere  the  same, 
since  factors  enter  into  the  problem  which  do  not  possess 
the  same  significance  for  all  locations.  In  this  State  rust  is 
most  intimately  associated  with  lack  of  vigor,  and  more 
particularly  with  those  factors  which  underlie  vigor,  such 
as  supply  of  water  and  judicious  fertilizing.  For  this  reason 
the  most  efficient  remedies  are  based  upon  those  practices 
the  application  of  which  induce  vigor.  There  are  a  number 
of  remedies  which  can  be  applied,  some  of  which  have  given 
excellent  results.  Thorough  cultivation  and  fertilization 
in  more  than  one  instance  have  given  results  which  have 
proved  superior  to  any  other  method  of  treatment.  We 
have  observed  that  the  results  from  weekly  cultivation  com- 
bined with  judicious  fertilization  have  proved  very  satis- 
factory. Irrigation  has  also  proved  very  effectual  during 
dry  seasons  ;  l^ut  there  is  possibly  a  tendency  for  asparagus 
to  become  too  succulent  with  repeated  irrigation,  which 
might  possibly  render  the  plant  more  susceptible  to  infec- 
tion. 

We  also  believe  that  an  efficient  practice  pertaining  to 
rust  infection  consists  of  burning  the  old  brush  in  the  fall, 
since  a  large  number  of  teleutospores  are  destroyed,  which, 
if  left  remaining  in  the  ground  over  winter,  would  germinate 
freely  in  the  spring  and  constitute  a  dangerous  source  of 
infection.  We  have  repeatedly  attempted  to  germinate 
teleutospores  in  the  early  winter,  but  failed.  They  will 
germinate  freely  in  March,  however.  Moreover,  the  roots 
from  infested  plants,  when  transplanted  in  the  greenhouse 
in  the  fall  and  left  there  for  a  year  and  allowed  to  develop 
tops,  have  never  shown  any  tendency  to  rust.  This  would 
seem  to  indicate  that  not  only  is  a  resting  period  essential, 
as  is  usually  the  case  for  spores,  but  freezing  also  is  essen- 
tial.    We  are  of  the  opinion  that  most  beds  are  infected  in 
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this  State  by  teleutospores  during  the  spring  and  summer, 
and  that  the  mycelium  worlds  up  through  tlie  stem  ;  and  if 
the  conditions  for  the  plant  are  unfavorable,  pustules  bear- 
ing uredospores  will  break  out  in  July  or  August,  whereas, 
if  the  conditions  for  the  plant  are  favorable,  pustules  bearing 
teleutospores  will  make  their  appearance  during  September 
or  later. 

In  case  uredospores  break  out  in  the  plant  during  July 
and  August,  other  beds  in  the  vicinity,  if  in  suitable  condi- 
tion, will  invariably  become  infected.  If,  however,  the  crop 
is  in  a  vigorous  condition,  even  if  located  close  by,  it  will 
resist  the  outbreak  of  the  rust.  This,  indeed,  has  occurred 
man}^  times  in  beds  side  by  side,  although  of  different  age 
and  vigor,  and  in  the  case  of  those  beds  more  or  less  remote  it 
may  be  stated  that  there  are  hundreds  which  have  never  had 
any  uredo  outbreak. 

We  observed  a  young  bed  of  asparagus  the  past  summer, 
about  two  years  old,  which  had  never  been  cut,  and  which 
had  a  teleutospore  outbreak  early  in  July.  This  bed  suf- 
fered much  from  drought,  and  was  not  in  an  especially 
vigorous  condition.  It  was,  however,  located  on  soil  of 
line  texture,  intermingled  with  coarse  pebbles.  There  was 
little  inclination  for  the  i)lants  of  this  bed  to  grow  worse, 
notwithstanding  the  fact  that  drought  prevailed,  and  it  re- 
mained in  practically  the  same  condition  all  summer.  On 
dry  soil  this  never  occurs,  since  it  is  the  uredo  stage  that 
nmkes  its  appearance  in  these  soils  in  July  and  August ; 
and  i)lants  infected  with  this  stage  turn  brown  in  a  short 
time  after  they  become  infected.  Moreover,  the  teleuto- 
spore outbreak  occurring  in  summer  is  a  perfectly  harmless 
factor,  as  far  as  immediate  infecting  of  the  bed  is  concerned. 
Our  studies  of  the  rust  problem  have  shown  that  there  is  an 
intimate  connection  existing  between  the  texture  and  water 
contents  of  soils  and  uredospore  outbreaks,  and  a  series  of 
water  determinations  qf  diHerent  soils  during  the  season 
would  probably  bring  out  some  interesting  facts. 

Spraying  with  Bordeaux  mixture  has  not  proved  satis- 
factory in  this  State  as  a  means  of  controlling  the  rust,  and 
little  or  no  use  is  now  made  of  it  for  this  pur})0s('. 

Some  reports  have  been  made  concerning  the  use  of  the 
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sulphur  wash  spray  recommended  ])y  Prof.  R.  E.  Smith, 
formerly  of  this  station.  This  mixture,  which  consists  of 
sulphur,  soap,  potash  and  Avater,  possesses  remarkable  stick- 
ing qualities,  and  it  is  undoubtedly  the  most  efficient  mix- 
ture recommended  for  s})raying  for  asparagus  rust. 

An  ArrLicATioN  of  the  Copper  Sulfate  Treatment. 

Early  in  the  sunmier  the  college  pond  became  so  overrun 
with  Alg{\}  as  to  be  unsightly,  and  the  smell  of  this  decay- 
ing vegetable  matter  was  so  unpleasant  that  it  became  neces- 
sary to  treat  it. 

Microscopic  examinations  of  the  w^ater  showed  that  it 
contained  a  considerable  amount  of  short  suspended  fila- 
ments, of  a  slightly  whitish  or  greenish  color,  which  proved 
to  be  Anahcena  Jlos-aquce,  a  form  of  Alg<ne  found  frequently 
in  public  water  supplies,  and  which  gives  rise  to  consider- 
able trouble.  The  w^ater  content  of  the  pond  was  roughly 
determined,  and  then  treated  with  1  part  of  copper  sulfate 
to  4,000,000  parts  of  water.  The  required  amount  of  copper 
sulfate  was  placed  in  a  loosely  woven  sack  and  hung  over 
the  stern  of  a  canoe,  which  was  paddled  around  the  pond  in 
concentric  circles  for  about  one-half  an  hour,  when  all  the 
copper  sulfate  was  dissolved.  This  is  the  method  recom- 
mended by  Drs.  Moore  and  Kellerman  in  their  work  on 
treating  reservoirs  with  copper  sulfate.  A  careful  exami- 
nation of  samples  taken  twenty-four  hours  after  treatment 
showed  a  slight  decrease  in  Anahcena,  and  in  two  or  three 
days  it  had  practically  disappeared. 

Spirogyra,  which  was  present  along  the  shores  near  the 
inlet  at  the  time  of  treatment,  was  not  affected,  and  subse- 
quently a  number  of  large  clumps  were  found  in  a  flourish- 
ing condition  in  different  parts  of  the  pond,  and  many  forms 
of  Algfe,  such  as  Desmids  and  Diatams,  appeared  not  to  be 
in  the  least  affected  by  the  treatment.  Neither  did  the 
animal  life  seem  to  be  affected  in  any  way  by  the  treatment, 
as  no  ill  effects  could  be  noted  on  the  fish,  frogs,  tadpoles  or 
other  fauna  inhabiting  the  water. 

Of  the  Protozoa,  the  Cerafium  was  very  numerous  both 
before  and  after  treatment,  and  was  in  no  wise  afiected  by 
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the  copper.  Daphna,,  a  form  of  Crustacea,  was  also  plenti- 
ful, and  experienced  no  ill  effects  from  the  copper  treat- 
ment. 

From  day  to  day  the  bacterial  contents  of  the  water  were 
determined,  with  the  results  shown  in  the  following  table  :  — 


Copper  Sulfide  Test  on  MassaclmsetU  Agricultural  College  Pond  Water. 


Date  op  taking  Sample. 


Number  of  Bacteria 

per  Cubic  Centimeter 

of  Water. 


1903. 

June  17  (one  hour  after  treatment) , 

June  19, 

June  20 

June  21 

June  22 

June  23 

June  24, 

June  25 

June  26 

June  27 

June  28, 

June  29, 

June  30 

July    1, 

July    3, 

Sept.  16 

Sept.  17, 

Sept.  18, 

Sept.  19, 


6.224 

3,463 

219 

336 

1,583 

1,187 

538 

1,144 

1,399 

1,144 

616 

763 

1,145 

1,078 

1,078 

990 

1,017 

990 

636 


From  this  table  it  will  be  seen  that  the  bacteria  decreased 
very  rapidly  for  the  first  few  days  after  treatment,  and,  while 
they  slowly  increased  again,  they  never  reached  their  former 
numbers.  The  results  obtained  on  June  24,  28  and  29  may 
be  attributed  to  an  unusually  clear  or  settled  state  of  the  water 
on  those  days,  while  when  the  other  samples  were  taken  the 
water  was  considerably  agitated,  either  from  the  effects  of 
rain  or  wind. 

A  second  treatment  was  contemplated  in  September  foi-  the 
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pur})()se  of  studying  the  effects  of  copper  sulfate  on  bacteria  ; 
but  as  the  bacteria  showed  no  appreciable  increase  at  this 
time,  we  thought  it  not  worth  while  to  inaugurate  another 
experiment.  Sami)les  of  water  taken  one  hour  and  twenty- 
four  hours  after  treatment  Avere  tested  for  copper  by  the  foods 
and  feeding  department  of  the  station  ;  and,  while  possible 
traces  of  the  copper  were  found,  they  were  so  small  and  un- 
certain that  no  copper  could  be  reported.  In  these  tests  the 
ferrocyanide  method  was  employed,  which  in  numerous  other 
cases  has  failed  to  give  relial)le  results  where  such  small  quan- 
tities of  copper  are  present. 

At  the  time  these  chemical  tests  were  being  made  for  cop- 
per there  came  to  our  notice  a  test  described  and  recommended 
by  Dr.  Ewerts,i  which  claimed  to  detect  one  part  of  copper 
in  30,000,000  parts  of  water.  This  test  is  based  on  the  in- 
hibiting action  of  copper  to  diastatic  action.  This  method 
was  given  a  trial  in  the  foods  and  feeding  chemical  laboratory, 
and  found  to  be  unsatisfactory.  Quite  likely,  however,  a 
detailed  study  of  this  latter  method,  together  with  some 
practice,  will  prove  it  to  be  of  some  value. 

The  result  of  this  single  experiment  with  copper  sulfate 
in  treating;  the  college  reservoir  is  not  sufficient  in  itself  to 
allow  deductions  of  great  value.  They  corroborate,  however, 
the  experiments  made  by  Messrs.  Moore  and  Kellerman  on 
the  Belchcrtown  reservoir,  and  those  made  elsewhere,  in 
showing  that  Anahmna  is  extremely  susceptible  to  copper, 
and  can  readily  be  killed  hy  this  method  of  treatment. 
Moreover,  the  general  clearing  up  and  rapid  disappearance 
of  odor  from  the  water  two  or  three  days  after  treatmcmt, 
together  with  the  falling  off"  of  bacteria,  was  quite  noticeable. 
It  should  be  stated,  however,  that  there  was  a  fall  of  about 
20°  in  the  temperature  on  the  third  day  after  treatment, 
which  would  have  a  tendency  to  aff'ect  Anabcena ;  and  about 
one  and  one-half  inches  of  rain  fell  between  the  19th  and 
24th  of  June. 

»  Ztschr.  Pflanzeukrank,  Bd.  XIV.,  3  Heft.,  p.  133. 
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A  Comparison  of  the  Numbers  of  Bacteria  in  Sterilized 

AND  UnSTERILIZED  SoILS. 
BY   A.    VINCENT   OSMUN. 

There  has  been  repeated  inquiry  as  to  the  effect  steriliza- 
tion of  soil  has  upon  its  bacterial  flora.  In  the  absence  of 
any  reliable  experiments  touching  upon  this  question,  it  has 
frequently  been  assumed  that  by  soil  sterilization  the  l)ac- 
teria,  and  especially  the  Ijeneficial  ones,  are  destroyed,  hence 
injuring  the  soil.  In  regard  to  this  question,  it  may  be 
stated  that  little  is  known  about  either  the  so-called  bene- 
ficial or  injurious  bacteria  of  greenhouse  soils;  and,  in  con- 
sequence of  a  paucity  of  knowledge  upon  this  phase  of  the 
subject,  positive  statements  are  out  of  place.  From  what  is 
alread}^  known  about  the  effects  of  soil  sterilization  upon 
plant  growth  and  the  changes  which  such  soil  undergoes,  it 
might  be  assumed  upon  a  priori  grounds  that  soil  bacteria 
would  be  found  to  exist  more  abundantly  in  sterilized  soil 
than  in  unsterilized  soil.  Moreover,  it  must  be  borne  in 
mind  that  absolute  sterilization  is  never  accomplished,  but 
something  more  closely  approaching  pasteurization  takes 
place.  All  bacteria  are  by  no  means  killed,  as  has  been 
shown  by  various  tests  made  at  this  station. ^  Subjecting 
soils  to  steam  heat  has  a  marked  stimulating  eifect  on  the 
growth  of  plants.  Observations  at  this  station  and  experi- 
ence of  growers  have  shown  this  to  be  true.  Just  why 
this  treatment  of  soil  should  stimulate  the  growth  of  plants 
is  not  known.  Sorauer^  suggests  that  steam  heat  makes  the 
humus  compounds  more  available  to  })lants.  It  is  not  un- 
likely that  steam  flowing  through  a  soil  also  improves  its 
mechanical  condition. 

The  stimulating  effect  of  soil  sterilization  on  })lant  growth 
suggested  a  similar  effect  on  the  bacterical  content  of  .soil  so 
treated  ;  and  in  order  to  obtain  more  evidence  regarding 
this  ])oint  this  experiment  was  planned  :  — 

Two  boxes  about  20  inches  -scjuare  and  !)  inches  deep  and 
of  equal  weights  were  filled  to  the  dc})th  of  about  5  inches 

'  Hatch  Exporimnnt  Station,  Massachusetts  Report,  11)02,  pp.  77,  78. 
"^  Sorauer,  Tlie  Physiology  of  Plants,  pp.  45,  46. 
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with  equal  amounts  by  weight  of  soil  from  the  supi)ly  bin  of 
the  station  greenhouse.  Before  filling  the  boxes  a  (juantity 
of  soil  from  the  bin  was  thoroughly  mixed,  and  the  boxes 
filled  from  that,  so  that  the  soils  in  the  two  boxes  were  as 
nearly  alike  as  possible.  The  soil  in  one  box  was  treated 
for  half  an  hour  with  flowing  steam  applied  through  per- 
forated tubes  buried  beneath  the  surface  ;  the  soil  in  the 
other  box  Av^as  untreated.  One  week  after  sterilization  a 
sample  was  taken  from  each  box  for  the  determination  of  the 
numbers  of  bacteria  in  the  soil,  after  which  the  boxes  were 
placed  on  a  platform  scale  and  brought  to  equal  weights  with 
water.  Water  was  similarly  applied  every  day  during  the 
experiment,  and  the  soil  always  contained  from  17  to  20  per 
cent,  moisture.  Samples  for  the  determination  of  the  quan- 
titative bacterial  content  of  these  soils  were  taken  at  inter- 
vals of  about  two  weeks.  The  soil  was  frequently  stirred, 
and  at  the  times  of  sann)ling  the  entire  contents  of  each  box 
were  thoroughh^  mixed  and  pulverized. 

The  results  of  this  experiment  are  tabulated  in  the  accom- 
panying table  :  — 

Showing  the  Relative  Nuiaber  of  BactcrHa  in  Sterilized  (Did    Unsteril- 

i.:cd  Loam. 


Date  of  taking  Sample. 


Number  op  Bacteria  per  Gram 
OP  Dry  Soil. 


Sterilized. 


Unsterilized. 


I90.5. 

April   3,       .        .        .        . 

April  18 

May  1,  .  .  .  . 
May  Ifi,  .  .  .  . 
June    1 


(1,742,000 
64,.596,000 
66,089,000 
•29,963,000 
26,666,000 


.56,273,000 
39,080,000 
31,372,000 
8,020,000 
14,634,000 


The  figures  in  this  table  show  that  steam  flowing  through 
soil  for  half  an  hour  not  only  does  not  kill  all  the  bacteria 
in  that  soil,  but  that  it  seems  to  act  as  a  stimulus,  causing 
rapid  mutiplication  of  numl^ers.  Practically  all  vegetative 
forms  would  be  killed,  but  most  spores  would  be  uninjured, 
and,  given  favorable  conditions  after  treating,  would  germi- 
nate.    One  week  after  sterilization  the  treated  soil  contained 
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nearly  7,()0(),000  bacteria  per  gram.  This  number  is  prob- 
ably considerably  in  excess  of  the  number  in  the  same  soil 
immediately  after  sterilization,  but  it  indicates  that  treating 
soil  with  live  steam  at  about  210°  F.  for  half  an  hour  does 
not  kill  all  the  bacteria  in  that  soil.  The  untreated  soil  con- 
tained a  good  number  of  bacteria  at  the  beginning,  —  about 
56,000,000. 

During  the  four  weeks  immediately  after  the  first  samples 
were  taken  there  was  a  phenomenal  increase  in  the  number 
of  l)acteria  in  the  sterilized  soil.  From  7,000,000  per  gram 
at  the  beginning  the  number  had  advanced  to  nearly  65,- 
000,000  at  the  end  of  two  weeks,  and  after  four  weeks  to 
over  66,000,000.  On  the  other  hand,  the  number  in  the  un- 
treated soil  showed  a  steady  decrease,  for  which  no  cause  is 
at  present  apparent. 

After  six  weeks  the  numl:>ers  of  bacteria  in  both  sterilized 
and  unsterilized  soils  had  dropped  way  below  the  numl)ers 
found  at  the  end  of  four  weeks.  During  the  next  two  weeks 
the  sterilized  soil  continued  to  drop  oiF,  though  not  to  any 
great  extent,  Avhile  the  unsterilized  soil  advanced. 

At  this  point  it  became  necessary  to  discontinue  the  taking 
of  samples  because  of  the  press  of  other  work. 

We  are  unable  to  account  for  the  decrease  in  numbers  of 
bacteria  in  either  sterilized  or  unsterilized  soil.  A  similar 
decrease  in  numbers  of  bacteria  has  been  noted  in  other  ex- 
periments in  the  greenhouse  in  which  unsterilized  soil  was 
used.  The  temporary  increase  in  numbers  in  tlie  sterilized 
soil  may  be  attributed  to  the  stimuhis  given  l)y  the  steam 
heat ;  and  it  appears  also  that  sterilization  had  a  tendency  to 
overcome,  for  a  time  at  least,  the  antagonistic  agency  or 
agencies  which  caused  the  decrease  in  the  unsterilized  soil. 

More  extended  experiments  and  observations  are  necessary 
before  definite  conclusions  can  be  reached  res^ardinof  the  effect 
of  so-called  sterilization  on  the  bacterial  contents  of  soils  ;  but 
from  the  results  obtained  in  this  experiment  and  from  tests 
of  other  soils,  both  sterilized  and  unsterilized,  we  may  con- 
clude that  steam  treatment  of  soils  greatly  stimulates  bacterial 
development  in  them,  and  that  if  certain  as  yet  unknown  ad- 
verse conditions  can  be  removed,  the  high  numbers  may  be 
retained  indefinitely. 
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The  year  1905  has  been  marked  by  a  great  abundance  of 
injects  of  many  kinds,  while  the  two  years  preceding  were 
equally  marked  by  their  scarcity.  To  this  fact  is  pro])ably 
due  the  large  increase  in  the  amount  of  correspondence  the 
present  year,  nearly  two  thousand  letters  having  been  sent 
out,  besides  an  unrecorded  amount  of  printed  matter,  in  an- 
swer to  questions  received. 

Investio-ations  as  to  the  number  of  broods  and  times  of 
appearance  of  the  codling  moth  and  oyster-shell  scale  have 
been  continued  during  the  season,  and  should  be  repeated  for 
several  years  to  come,  that  reliable  date  averages  may  be 
obtained,  and  thus  the  best  times  for  the  treatment  of  these 
insects  be  ascertained. 

Several  private  insecticides  have  been  more  or  less  tested 
and  the  results  noted,  statements  of  these  having  been  sup- 
plied in  each  case  to  the  persons  sending  the  materials. 
While  some  of  these  substances  were  shown  to  have  a  cer- 
tain value  for  the  destruction  of  insects,  it  was  noticeable  that 
they  were  no  more  effective  than  well-known  insecticides 
costing  less,  or  that  they  were  injurious  to  the  foliage  of  the 
plants  they  were  tested  on.  In  fact,  none  of  the  materials 
tested  at  this  station  during  the  year  can  be  considered  as 
adding  anything  of  value  to  our  present  list  of  standard  in- 
secticides, though  it  has  taken  considerable  time  from  other 
work  to  establish  these  negative  results. 

The  collections  of  the  division  have,  as  usual,  been  given 
the  needed  care  and  have  been  added  quite  considerably  to 
during  the  year,  while  additional  fiicts  as  to  the  distribution 
of  insect  pests  in  Massachusetts  and  their  habits  have  been 
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gathered  arid  recorded.  The  card  catalogue  has  been  kept 
abreast  of  the  new  pubHcations  and  improved  in  many  ways, 
and  requests  for  the  information  it  contains  are  frequently 
received  from  other  stations  and  from  individuals. 

Some  study  has  been  given  to  the  carnation  twitter,  and 
the  identity  of  the  insect  causing  this  trouble  has  been  ascer- 
tained with  considerable  though  not  absolute  certainty. 
Further  investigations  on  this  subject  will  be  made  during 
the  coming  year  if  material  to  stud}^  can  be  obtained. 

Special  researches  have  also  been  continued  on  the  Asilidte 
or  robber  flies  ;  the  Pyralida^  a  group  including  many  very 
injurious  insects  ;  the  Bombinfe  or  bumble  bees  and  their 
habits ;  and  on  the  Sphecidti?  or  digger  wasps,  these  studies 
being  of  the  entire  groups  ;  while  a  Cecidomyiid  on  oak,  the 
stalk  borer  and  several  other  species  have  received  special 
attention  individually. 

The  erection  of  a  new  greenhouse  during  the  summer  has 
greatly  improved  the  facilities  of  the  division  for  entomo- 
logical research,  besides  being  an  excellent  example  of  modern 
greenhouse  construction.  With  a  house  which  is  reasonably 
tight  and  which  can  be  kept  warm  during  the  winter  it  has 
been  possible  to  begin  a  series  of  experiments  to  determine 
the  resistant  power  of  various  forcing  crops  to  fumigation. 
The  business  of  raising  crops  under  glass  in  Massachusetts 
is  a  very  large  one,  and  in  too  many  places  is  greatly  inter- 
fered with  by  the  presence  of  insects  which  can  only  be  con- 
trolled by  fumigation  with  Iwdrocyanic  acid  gas.  The  strength 
of  fumigation  necessary  to  destroy  these  insects  is  now  well 
known  in  most  cases,  but  the  charge  which  the  plants  can 
resist  under  all  conditions  of  growth  is  not ;  and  many  an 
owner  has  refused  to  fumigate  a  badly  infested  house  for  fear 
of  killing  his  plants  along  with  the  insects.  From  the  ex- 
periments now  under  way,  and  which  it  will  require  several 
years  to  complete,  it  is  believed  that  data  can  be  obtained  of 
such  a  nature  that  any  person  ^vho  desires  to  treat  a  green- 
house will  be  able  to  do  so  with  entire;  safety  to  the  plants, 
!uul  yet  kill  (he  insects  which  may  be  present. 
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Insects  of  the    i  kau. 

The  proscnt  year  has  been  favorable  for  the  rapid  increase 
of  insects  in  Massachusetts,  and,  thougli  no  one  species  has 
])een  present  in  overwhehiiing  abundance,  each  has  done  its 
part  in  attacking  crops  of  all  kinds. 

The  San  Jose  scale  is  as  abundant  as  it  has  ever  been  in 
the  State,  and  is  spreading  farther  each  year.  Where  its 
presence  is  neglected  it  makes  itself  speedily  felt;  but  Avith 
the  methods  we  now  have  for  its  control  there  is  no  reason 
why  it  should  be  more  than  a  nuisance  in  the  future,  requir- 
ing treatment  every  two  or  three  years,  like  any  of  our  other 
pests. 

Cutworms  and  wire  worms  have  given  much  trouble,  par- 
ticularly in  the  eastern  and  central  portions  of  the  State, 
while  but  little  has  been  heard  of  root  maijorots  this  season. 

The  army  worm  has  caused  considerable  injury  locally  on 
some  of  the  cranberry  bogs  and  elsewhere  in  southeastern 
Massachusetts,  and  in  the  central  and  western  parts  of  the 
State  the  moths  of  this  pest  have  been  more  abundant  than 
for  some  time.  It  has  now  been  nearly  ten  years  since  the 
last  outbreak  of  this  insect,  and  it  is  not  unlikely  that  another 
may  be  due  before  long,  if  unknown  ftictors  do  not  develop 
to  prevent  it. 

Inquiries  about  insects  have  covered  a  wider  range  than 
usual,  but  the  most  numerous  questions  have  been  about  sev- 
eral species  of  scale  insects,  plant  lice  of  different  kinds,  red 
spiders,  borers,  datanas,  the  bean  weevil  and  the  red-humped 
apple-tree  caterpillar. 

Since  the  Legislature  placed  the  work  on  the  gypsy  and 
brown-tail  moths  in  the  hands  of  a  special  commission,  no 
particular  attention  has  been  given  them  here  ;  but  some  facts 
observed  in  connection  with  their  distribution  are  here  noted, 
as  they  have  been  gathered  by  members  of  the  station.  A 
few  tents  of  the  brown-tail  moth  were  observed  in  Amherst 
last  spring  and  others  were  received  from  Martha's  Vineyard, 
while  several  were  found  on  Nantucket  last  fall,  showing  that 
this  insect  is  widely  distributed  over  the  State.  Several 
cases  have  also  been  reported  to  the  station  of  the  presence 
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of  the  gypsy  moth  outside  of  the  territory  originally  occu- 
pied by  It,  and  these  observations  have  been  confirmed  by 
inspectors  of  the  Gypsy  Moth  Commission .  That  this  insect 
IS  now  rapidly  spreading  there  can  be  no  doubt,  and  it  is  too 
probable  that  the  entire  State  will  before  long  be  infested  by 
these  two  msects,  which  are  among  the  worst  enemies  to  man 
which  occur  in  the  United  States. 


APPENDIX. 


compilattolnr  of  analyses  of  agricultural 
Chemicals,  Refuse  Salts,  Ashes,  Llme  Com- 
pounds, Refuse  Substances,  Guanos,  Phos- 
phates AND  Animal  Excrements. 


H.    D.    IIASKINS. 


1.  Chemicals,  refuse  salts,  etc. 

2.  Ashes,  marls,  lime  compounds,  etc. 

3.  Refuse  substances. 

4.  Guanos,  phosphates,  etc. 

5.  Animal  excrement,  etc. 

6.  Average  per  cents,  of  the  different  ingredients  found  in  tlie 

preceding  compilation  of  analyses,  calculated  to  pounds 
per  ton  of  2,000  pounds. 

1868  to  1905. 

This  compilation  does  not  include  the  analyses  made  of 
licensed  fertilizers.  They  are  to  be  found  in  the  dillercnt 
bulletins  and  annual  reports  of  the  State  inspector  of  ferti- 
lizers from  1873  to  18115,  which  are  contained  in  the  re- 
ports of  the  secretary  of  the  Massachusetts  State  Board  of 
Agriculture  for  these  years,  and  in  the  bulletins  of  the  di- 
vision of  chemistry  of  the  Hatch  Experiment  Station  of  tlie 
Massachusetts  Ag-ricultural  College  since  March,  1895. 

No  valuation  is  stated  in  this  compilation,  as  the  basis  of 
valuation  changes  from  year  to  year. 

In  the  following  compilation  of  analyses  of  agricultural 
chemicals,  refuse  materials,  manurial  substances,  etc.,  the 
signification  of  the  star  (*)  prefixed  to  the  name  of  the 
substance  is  that  the  compilation  is  made  np  of  analyses 
subsequent  to  the  year  1897.  It  was  believed  that  a  com- 
pilation made  up  of  more  recent  analyses  would  more  nearly 
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represent  the  present  general  chemical  character  of  the  sub- 
stances, and  would  therefore  be  of  more  practical  value. 

It  must  l)e  understood  that  the  chemical  character  of  many 
of  the  refuse  substances  used  for  manurial  purposes  is  con- 
stantly undergoing  changes,  due  to  frequent  variations  in  the 
parent  industry. 

As  a  rule,  in  all  succeeding  analyses  the  essential  con- 
stituents are  determined  and  stated  ;  blanks  do  not  imply 
the  absence  of  the  non-essentials. 
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Compilation  of  Analyses   ot  Fruits,  Garden 
Crops  and  Insecticides. 


H.    D.    HASKINS. 


1.  Analyses  of  fruits. 

2.  Analyses  of  garden  crops. 

3.  Relative  proportions  of   phosphoric  acid,  potassium  oxide 

and  nitrogen  in  fruits  and  garden  crops. 

4.  Analyses  of  insecticides. 

The  results  of  chemical  analyses  of  twenty  prominent  gar- 
den crops  (gi-een)  show  the  following  average  composition, 
expressed  in  parts  per  thousand  :  — 

Nitrogen,  .         .         .         .         .         .         .         .  4.1 

Potassium  oxide,         .......         3.9 

Phosphoric  acid,  .         .         .         .         .         .         .         1.9 

A  computation  of  the  results  of  the  above  analyses  of 
green  garden  vegetables  shows  the  following  relative  pro- 
portion of  the  three  essential  ingredients  of  plant  food  :  — 

Nitrogen,  .........         2.2 

Potassium  oxide,         .......         2.0 

Pliosphoi'ic  acid,  .         .         .         .         .         .         .         1.0 

The  weight  and  particular  stage  of  growth  of  the  vege- 
tables when  harvested  control,  under  otherwise  corresponding- 
conditions,  the  actual  consumption  of  each  of  these  articles 
of  plant  food.  Our  information  regarding  these  points  is 
still  too  fragmentary  to  enable  a  more  detailed  statement 
here  beyond  relative  proportions.  It  umst  suffice  for  the 
present  to  call  attention  to  the  fact  that  a  liberal  manuring 
Avithin  reasonable  limits  pays,  as  a  rule,  better  than  a  scanty 
one.      (C.  A.  GoESSMANN.) 
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Many  of  the  foregoing  aiial3'scs  were  compiled  from  the 
tables  of  E.  Wolft".  Those  marked  with  a  star  (*)  are  from 
analyses  made  at  the  Massachusetts  State  Agricultural  Ex- 
periment Station,  Amherst,  Mass.,  and  since  1895,  at  the 
chemical  division  of  the  Hatch  Experiment  Station  of  the 
Massachusetts  Agricultural  College. 

3.     Helative  ruoroKTiONS  OF  Phosphoric  Ach),  Potassium  Oxide 

AND   NlTK()(fEX    IN    FUUITS    AND    GARDEN    CrOPS. 


Phosphoric 
Acid. 

Potassium 
Oxide. 

Nitrogen. 

Fruits. 

Ericaceae :  — 

*  Cranberries,  .... 

3.0 

- 

*  Cranberries,  .... 

3.33 

2.66 

Rosaceie  :  — 

Apples,            .... 

2.7 

2.0 

*  Apples,           .... 

1.9 

1.3 

*  Peaehes,          .... 

1.3 

- 

Pears, 

3.6 

1.2 

Straw  l)ei'ries, 

1.4 

- 

*  Strawberries, 

2.6 

- 

*  Strawberry  vines,  . 

.7 

- 

Cherries,        .... 

3.3 

- 

Plums, 

4.3 

- 

Saxifra<;-aceaj :  — 

*  Currants,  white,     . 

2.8 

- 

*  Currants,  red. 

2.1 

- 

(looseberries. 

1.9 

- 
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3.       1»MCLATIVE     PKorOUTIONS    OF    rnosniOUIC    AcH),    KTC,    IN    FkUITS 

\ M )  ( i A i; I >icx  C'liors  —  ('(mlliiucd. 


Phosphoric 
Acid. 

Potassium 
Oxide. 

Nitrogen. 

Viticeto  :  — 

(;ra[)os,           .... 

1 

3.G 

1.2 

Gnipo  seed,    .... 

1 

1.0 

2.7 

(i((,rdeii  Crops. 

Clieuopodi;icc;;v3 :  — 

IMangolds,      .... 

6.0 

2.3 

*  Mangolds,      .... 

4.2 

2.1 

Mangold  leaves.     . 

4.5 

3.0 

Sugar  beets,  .... 

4.2 

1.8 

*  Sugar  beets,  .... 

4.8 

2.2 

Sugar  beet  tops, 

2.3 

1.7 

Sugar  beet  leaves. 

5.7 

4.3 

Sugar  beet  seed,     . 

1.5 

- 

*  Red  beets,      .... 

4.1 

3.3 

Spiuacli,          .... 

1.7 

3.1 

*  Spinach,          .... 

19.2 

6.8 

Composit;c  :  — 

Lettuce,  conuuon,  . 

5.3 

- 

Head  lettuce, 

3.9 

2.2 

*  Head  lettuce. 

7.7 

4.0 

Roman  lettuce. 

2.3 

1.8 

Artichoke,      .... 

.63 

- 

*  Artichoke,  Jerusalem,    . 

2.8 

2.7 
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3.    Relative   Proportions  of  Phosphoric  Acid,  etc.,  in  Fruixs 
AND  Garden  Crops  —  Contiimcd. 


Phosphoric 
Acid. 

Potassium 
Oxide. 

Nitrogen. 

Convolvulacetc :  — 

Sweet  potato. 

1 

4.6 

3.0 

Crueifene :  — 

White  turnips. 

S.fj 

2.3 

*  White  turnii)s, 

3.9 

1.8    . 

AVhite  turnip  leaves, 

3.1 

3.3 

*  Ruta-bagas,    .... 

4.1 

1.6 

Savoy  cabbage, 

1.9 

2.5 

AVhite  cabbage. 

4.1 

1.7 

*  White  cabljage, 

11.0 

7.6 

Cabbage  leaves,     . 

4.1 

1.7 

CauliHower,  .... 

2.3 

2.5 

Horse- radish, 

3.9 

2.2 

Radishes,        .... 

3.2 

3.8 

Kohlrabi,        .... 

1.6 

1.8 

Cueurbitaceje  :  — 

Cucumbers,    .... 

2.0 

1.3 

Pumpkins,      .... 

.6 

.7 

Gramine* :  — 

Corn,  whole  plant,  green. 

3.7 

1.9 

*  Corn,  whole  plant,  green, 

2.2 

2.8 

Corn,  kernels. 

.('. 

2.8 

*  Corn,  kernels. 

.6 

2.6 
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3.     Relative  Proportions  of  Phosphoric  Acid,  etc.,  in  Fruits 
AND  Garden  Crops — ContiJiued. 


Phosphoric 
Acid. 

Potassium 
Oxide. 

Nitrogen. 

(iramineo;  —  Co7i. 

*  Corn,  whole  ears,  . 

\ 

.8 

2.5 

*  Corn,  stover. 

4.4 

3.7 

Leguminosaa :  — 

Hay  of  peas,  cut  gi-een, 

3.4 

3.4 

*  Cow-pea  (^Dolichos),  green,    . 

3.1 

2.9 

*  Small   pea  (^Lalhyrns   sylres- 
tris),  dry. 
Peas,  seed,     .... 

3.4 
1.2 

4.2 
4.3 

Pea  straw,     .... 

2.8 

4.0 

Garden  beans,  seed, 

1.2 

4.0 

Bean  straw,   .... 

3.3 

- 

*  Velvet  beans,  kernel. 

1.7 

4.0 

*  Velvet  beans,  with  pod. 

l.fjO 

2.3 

*  Leaves   and   stems    of    velvet 

_ 

_ 

_ 

beans. 

I>iliacea? :  — 

*  Asparagus,     .... 

1 

3.05 

3.06 

Asparagus,    .         .         .         . 

1 

1.3 

3.6 

Onions,           .... 

1 

1.9 

2.1 

*  Onions,           .... 

1 

2.G 

- 

Solanacea3 :  — 

Potatoes,         .... 

1 

3.6 

2.1 

*  Potatoes,         .... 

1 

4.1 

3.0 

Potato  tojjs,  nearly  ripe, 

1 

2.7 

3.1 
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3.     Relative  Proportions  of  Phosphoric  Acid,  etc.,  in  Fruits 
AND  Garden  Crops  —  Concluded. 


Phosphoric 
Acid. 

Potassium 
Oxide. 

Nitrogen. 

Solanacea?  —  Con. 

Potato  tops,  unripe, 

3.7 

5.3 

*  Tomatoes,      .... 

8.7 

4.5 

Tobacco  leaves, 

6.2 

5.3 

*  Tobacco,  whole  leaf. 

13. 4G 

5.65 

Tobacco  stalks, 

3.1 

2.7 

*  Tobacco  stems, 

10.7 

3.8 

Umbelliferse :  — 

Carrots,          .... 

2.7 

2.0 

*  Carrots,          .... 

5.7 

1.7 

Carrot  tops,  .... 

2.9 

5.1 

Carrot  toi)S,  dry,    . 

8.0 

5.1 

Parsnips, 

3.8 

2.8 

*  Parsnips,        .... 

3.3 

1.2 

Celery,   "        .         .         .         . 

3.5 

1.1 
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Compilation  of  Analyses  of  Fodder  Articles 
AND  Dairy  Products,  made  at  Amherst, 
Mass.,  1868-1905.^ 


E.  B.  HOLLAND   AND   P.  II.  SMITH. 


A.  Composition"  and  Digestibility  of  Fodder  Articles. 

I.  —  Green  fodders. 

(a)  Meadow  grasses  and  millets. 
(Z»)   Cereal  fodders. 

(c)  Legumes. 

(d)  Mixed  and  miscellaneous. 
II.  —  Silage. 

III.  —  Hay  and  dry,  coarse  fodders. 

(a)  Meadow  grasses  and  millets. 
{!))   Cereal  fodders. 

(c)    Legumes. 
{d)  Straw. 

(e)  Mixed  and  miscellaneous. 
IV. — Vegetables,  fruits,  etc. 

V.  —  Concentrated  feeds. 
{a)  Protein. 

(b)  Starchy. 

(c)  Poultry. 
VI.  — Dairy  products. 

B.  Fertilizer  Ingredients  of  Fodder  Artigles.      (For 

classification,  see  A  and  C.) 

C.  Analyses  of  Dairy  Products. 

'  Part  III.  of  the  report  of  Department  of  Foods  and  Feeding. 
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HATCH   EXPERIMENT   STATION. 


[Jan. 


Fertilizer   Tnoredients  of  Fodder  Articles.' 

[Figures  e(jual  percentages  or  pounds  in  100,] 


o  « 

1 

£ 

2 

i 

1 

o 

I.  — Green  Fodders. 

(a)   Meadoir  Grasses  and  Millets. 

Orchard  grass, 

4 

70 

0.43 

0.56 

O.l.'i 

Millet 

1 

SO 

0.29 

0.43 

0.11 

Barnyard  millet, 

3 

80 

0.30 

0.67 

0.10 

Hungarian  grass, 

1 

SO 

0.30 

0.42 

0.12 

Japanese  millet,      .        , 

3 

SO 

0.33 

0.22 

0.10 

(/;)   Cereal  Fodders. 

Corn  fodder, 

''2 

SO 

0.39 

0.30 

0.13 

Oats,          ......... 

3 

75 

0.72 

0..-.6 

0.19 

Rye 

2 

75 

0.27 

0.,57 

0.11 

(c)    Legnmes. 

Alfalfa, 

SO 

0.44 

0.31 

0.11 

Horse  bean,     .„....., 

S5 

0.41 

0.21 

0.05 

Soy  bean  (early  white) 

SO 

0.57 

0.55 

0.13 

Soy  bean  (medium  green),  average,  . 

11 

SO 

0.C4 

0..53 

0.14 

Soy  bean  (medium  green),  in  bud,     . 

SO 

0.66 

0..58 

0.15 

Soy  bean  (medium  green),  in  blossom. 

SO 

0.64 

0.60 

0.13 

Soy  bean  (medium  green),  in  pod,     . 

78 

0.72 

0..52 

0.17 

Soybean  (medium  ))lack), 

80 

0.70 

0.50 

0.16 

Soy  bean  (late) 

SO 

0.60 

0.68 

0.14 

Alsike  clover,  .       .       , 

80 

0.53 

0.50 

0.15 

Mammoth  red  clover, 

80 

0.50 

0.27  = 

0.12 

Medium  red  clover,  average,       .... 

10 

80 

0..52 

0..57 

0.11 

Medium  red  clover,  in  bud, 

SO 

0.58 

0.71 

0.13 

Medium  red  clover,  in  blossom 

79 

0.51 

0..5S 

0.12 

Medium  red  clover,  seeding,       .... 

75 

0.61 

0.65 

0.13 

Sweet  clover, 

80 

0.43 

0.40 

0.12 

White  lupine 

85 

0.45 

0.26 

0.05 

Yellow  lupine, 

85 

0.40 

0.44 

0.09 

1  Many  of  tliese  analvses  were  made  in  eai 

•lier  yea 

rs  by  t 

le  MasE 

achuset 

ts  Stat<' 

Ex|)eriment  Station.  The  percentages  of  the  several  ingredients  will  vary  considerably, 
depending  upon  the  fertility  of  tlie  soil,  and  especially  upon  the  stage  of  growth  of  the 
jdant.  In  the  majority  of  cases  the  number  of  samples  analyzed  is  too  few  to  give 
a  fair  average.  The  ligures,  therefore,  must  be  regarded  as  close  ajiproximations, 
rather  tlian  as  rei)resenting  absolutely  the  exact  fertilizing  ingredients  of  the  different 
materials.  (,I.  B.  L.) 
2  Evidently  below  normal. 
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B.     Fertilizku  Ingredients  of  Fodder  Articles  —  Continncd. 


I.  —  Gkeen  Fodders  —  Con. 
((•)  Legumes  — Con. 
Canada  field  peas,  average, .       .      -. 
Canada  field  peas,  in  bud,    . 
Canada  field  peas,  in  blossom,    . 
Canada  field  pens,  in  pod,    . 

Cow  pea,  average 

Black  cow  peas 

Whip-poor-will  cow  peas,     . 

Flat  pea, 

Small  pea, 

Sainfoin 

Serradella, 

Sulla, 

Spring  vetch 

Hairy  or  sand  vetch,  average,     . 
Hairy  or  sand  vetch,  in  bud, 
Hairy  or  sand  vetch,  in  blossom, 

Kidney  vetch, 

Average  for  legumes,    .... 

(d)  Mixed  and  MisceUaneous. 

Vetch  and  oats 

Apple  pomace, 

Carrot  tops 

Prickly  comfrey,    .       .       ... 
Common  buckwheat,     .... 
Japanese  buckwheat,    .... 
Silver-hull  buckwheat,  .... 

Summer  rape 

Sorglium, 

Teosinte 

II.  — Silage. 

Corn, 

Corn  and  soy  bean,       .... 

Millet, 

Millet  and  soy  bean 

i  Too  low;  0.43  nearer  correct. 


o.r)0 
()..5() 

0.4,5 
0..')2 
0.4.') 
0.4(1 
0.411 
0.75 
0.40 
0.(18 

o.;{G 

0.08 
0.30 
O.-W 
0.52 
0.05 
0.44 
0.53 

0.30  1 

0.21 

0.69 

0.37 

0.44 

0.26 

0.29 

0.34 

0.26 

0.47 

0.42 
0.65 
0.26 
0.42 


0.38 
0.44 
0.32 
0.37 
0.47 
0.47 
0.47 
0.32 
0.31 
0.57 
0.37 
0.5S 
0.45 
0.51 
0.54 
0.57 
0.28 
0.44 

0.30 
0.12 
1.08 
0.76 
0.54 
0.i53 
0.39 
0.78 
0.29 
1.18 

0.39 
0.36 
0.62 
0.44 


20 
(^ 


0.12 
O.U 
0.11 
0.13 
0.12 
0.12 
0.12 
0.10 
0.09 
0.20 
0.12 
0.12 
0.10 
0.13 
0.12 
0.16 
0.08 
0.12 

O.U 
0.02 
0.13 
0.12 
0.09 
O.U 
O.U 
0.10 
0.11 
0.06 

0.13 
0.35: 
0.14 
O.U 


-  Evidently  too  high. 
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B.     Fertilizer  Ingredients  of  Fodder  Articles  —  Continued. 


a  => 

U 

2 

.a 
1 

i 

III.  — IlAY  AND  Dry  Coarse  Fouders. 

(«)  Meadotu  Grasses  and  Millets. 

Barnyard  millet 

3 

14 

1.29 

2.88 

0.43 

Hungarian  grass 

1 

14 

1.29 

1.79 

0.52 

Italian  rye  grass, 

4 

14 

1.12 

1.19 

0.53 

Kentucky  blue-grass, 

2 

14 

1.20 

1..54 

0.39 

Meadow  fescue, 

G 

14 

0.93 

1.98 

0.37 

Orchard  grass, 

4 

14 

1.23 

1 .60 

0.38 

Perennial  vyc  grass, 

2 

It 

I.IG 

1.47 

0.53 

Red-top, 

4 

14 

1.07 

0.95 

0.33 

Timothy, 

14 

1.20 

1.42 

0.33 

English  hay  (mixed  grasses),      .        .        .       . 

13 

14 

1.34 

1.61 

0.32 

Ro'.ven 

13 

14 

1.72 

1.58 

0.48 

Branch  grass, . 

' 

IG 

1.06 

0.87 

0.19 

Fox  grass, 

1 

16 

1.18 

0.95 

O.IS 

Salt  hay  (variety  uncertain),       .        .        .        . 

1 

ir, 

1.05 

0.64 

0.23 

{h)   Cereal  Fodders. 

Corn  stover,  from  fleld, 

17 

40 

0.6!) 

0.92 

0.20 

Corn  stover,  very  dry 

17 

20 

0.92 

1.22 

0.26 

Oats, 

3 

1.5 

2.45  1 

1.90 

0.65 

(c)  Leguvtes. 

Alsike  clover 

G 

If) 

2.2G 

2.10 

0.63 

Mammoth  red  clover 

3 

1.-) 

2.14 

1.1G2 

0.52 

ISIedium  red  clover, 

10 

1.5 

2.21 

2.42 

0.47 

{d)   Strata. 

2 

15 

0.95 

2.03 

0.19 

Soy  bean, 

15 

0.69 

1.04 

0.25 

Millet 

15 

O.CS 

1.73 

0.18 

((')   Mixed  and  Miscellaneous. 

15 

1.29  3 

1.27 

0.60 

Broom  corn  waste  (stalks),         .... 

10 

0.87 

1.87 

0.47 

12 

0.54 

1.37 

0.16 

Spanish  moss, 

15 

0.61 

0..56 

0.07 

White  daisy, 

15 

0.2G 

1.18 

0.41 

IV.  — Vegetables,  Fruits,  etc. 

Apples, 

2 

78 

0.12 

0.17 

0.01 

Artichokes 

1 

78 

0.46 

0.4S 

0.17 

1  Too  high;  1.90  nearer  correct. 
-  Evidently  below  normal. 


3  Too  low ;  1 .80  nearer  correct. 
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B.     FEKTiLizKii  In(;i{I':i)Iknts  ok  Foddek  Akticlks — Cvnlinuul. 


o  e 
'A 

u 

a 

1 

_2 
o 

IV.  — VEGETAm,K.S,   FUUITS,  KTO.  —  Coyt. 

IJocts,  red 

8 

ss.o 

0.24 

0.44 

0.09 

Sugar  beets, 

4 

S6.0 

0.24 

0.52 

0.11 

Yellow  fodder  bectw 

1 

S!).0 

0.23 

0.56 

o.u 

Mangolds 

3 

iSS.O 

0.15 

0.34 

0.14 

Carrots 

3 

89. 0 

0.16 

0.46 

0.0'J 

Cranberries, 

1 

89.0 

0.08 

0.10 

0  03 

I'arsnips 

1 

80.0 

0.22 

0.62 

0.19 

Potatoes 

.") 

80.0 

0.29 

0.51 

0.08 

Jai)anese  radisli 

1 

93.0 

0.08 

0.40 

0.05 

4 

<,K).0 

0.17 

0.38 

0.12 

Ruta-bagas, 

3 

89.0 

0.19 

0.49 

0.12 

v.  — C(JNCENTUATEI>  FEEDS. 

{a)   Prolein. 

Red  adzinkl  bean, 

1 

14.0 

3.27 

1.55 

0.95 

While  adzinki  bean 

1 

14.0 

3.45 

1..53 

1.00 

Saddle  bean 

1 

14.0 

2.08 

2.09 

1.49 

3 
1 

14.0 
11.0 

5.61 
13.55 

2.12 
0.18 

1.82 

Blood  meal  (Armour's) 

0.26 

Brewer's  dried  grains 

2 

8.0 

3.68 

0.86 

1.06 

Cotton-seed  meal 

130 

7.0 

7.16 

2.01 

2.86 

Distillers'  dried  grains,         .... 

20 

8.0 

4.50 

0.31 

0.61 

Gluten  feed 

72 

8.5 

4.17 

0..S7 

0.72 

Gluten  meal, 

46 

9.5 

5.87 

0.21 

0.55 

Linseed  meal  (new  process), 

21 

9.0 

5.97 

1.42 

1.79 

Linseed  meal  (old  process), . 

43 

8.5 

5.32 

1.29 

1.64 

Malt  sprouts, 

12 

11.0 

4.32 

2.00 

1.56 

Bibby's  dairy  cake 

1 

10.0 

2.94 

1.67 

2.07 

Sucrene  feed 

1 

10.0 

2.62 

2.08 

0.55 

1 
1 

10.0 

8.0 

3.04 

7.84 

0.98 
1.54 

1.81 

Peanut  meal, 

1.27 

1 
11 

8.0 
11.0 

3.04 
2.36 

0.58 
1.08 

1.02 

Rye  feed 

1.60 

Wheat  middlings  (Hour),      . 

32 

10. 0 

3.16 

1.05 

1.66 

Wheat  middlings  (standard). 

77 

10.0 

2.92 

1.28 

2.04 

Wheat  mixed  feed,         .... 

223 

10.0 

2.76 

1.43 

2.57 

Wheat  bran, 

'JS 

10.0 

2.63 

1.40 

2.82 
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B.     Fertilizek  Ingredients  of  Foddeh  Articles — Concluded. 


1^ 


V.  —  CONCENTKATEO  FKEDS  —  Coil, 
{b)   Starch  I/. 
Ground  barley, 

Buckwheat  hulls 

Cocoa  dust, 

Corn  cobs 

Corn  and  cob  meal, 

Corn  kernels, 

Corn  meal, 

Corn  and  oat  Iced  (Victor),  . 

Corn,  oat  and  barley  feed  (Schumachers) , 

Cotton  hulls, 

Hominy  meal 

Common  millet  seed, 

Japanese  millet  seed, 

Molasses  (Porto  Rico), 

Dried  molasses  beet  inilp,    .       .       .       . 

Oat  kernels, 

Oat  feed, 

Oat  feed  (low  grade),    .  .      -. 

Peanut  feed 

Peanut  husks, 

Louisiana  rice  bran 

Rye  middlings, 

Damaged  wheat, 

Wheat  flour, 

(c)  I'ouUry. 
American  poultry  food 

Meat  and  bone  meal, 

Meat  scraps 

YL  —  Dairy  Pkoducts. 
Whole  milk 

Human  milk, 

Skim  milk 

Buttermilk, 

Whey, 

Butter 

J  S'rpm  Farrinjjton  and  Well, 


1 

1 

117 


13.0 
12.0 
7.0 
,s.O 
11.0 
11.0 
14.0 

10.0 

8.0 
11.0 
11.0 
12. 0 
12.0 
24.0 

.s.O 
11.(1 

7.0 

7.0 
10.0 
13.0 
11.0 
11.0 
13.0 
12.0 

8.0 
6.0 
D.O 

86.4 
88.1 
'JO. 3 
01.1 
03.7 


1.56 
0.49 
2.30 
0.52 
1.38 
1.82 
1.02 
1.38 
1.80 
0.75 
1.66 
2.00 
l.m 
0.51 
1.60 
2.05 
1.26 
0.88 
1.46 
0.80 
1.42 
1.87 
2.26 
2.02 


5.92 
7.63 

0.57 
0.24 
0.59 
0.51 
0.10 
0.19 


0.34 
0.52 
0.()3 
0.63 
0.46 
0.40 
0.34 
0.61 
0.63 
1.08 
0.78 
0.45 
0.35 
3.68 
1.47 

0.75 
0.70 
0.79 
0.48 
0.83 
0.82 
0.51 
0.36 


0.1S2 

0.05 
0.07 


0.66 
0.07 
1.34 
0.06 
0.56 
0.70 
0.71 
0.59 
0.83 
0.18 
1.25 
0.95 
0.63 
0.12 
0.16 

0.48 
0.;i5 
0.23 
0.13 
1.70 
1.28 
0.83 
0.35 

0.98 
14.68 
8.11 


0.20  3 

0.04 

0.17 
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Coefficients  of  Digestibility  of  American 
Feed  Stuffs.  —  Experiments  made  in  the 
United   States.^ 


J.   B.  LINDSEY   AND    P.  H.  SMITH. 


Experiments  with  Ruminants. 
Experiments  with  Swine. 
Experiments  with  Horses. 
Experiments  Avith  Poultry. 
Experiments  Avith  Calves. 

Complete  through  Dec.  31,  1905. 


1  Being  a  portion  of  the  report  of  the  Division  of  Foods  and  Feeding. 
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Literature. — The  following  publications  have  l)een  con- 
sulted in  compiling  the  foregoing  tables  of  digestibility  :  — 

Colorado  Experiment  Station,  Bulletins  8,  93. 

Connecticut  (Storrs)  Experiment  Station,  reports  for  1894- 
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Kansas  Experiment  Station,  Bulletin  103. 

Louisiana  Experiment  Station,  Bulletin  77,  second  series. 

Maine  Experiment  Station,  reports  for  1880-91,  1893,  1894, 

1897,  1898,  1900;  Bulletin  110. 

Maryland  Experiment  Station,  Bulletins  30,  41,  43,  51,  77, 
86. 

Massachusetts,  Hatch  Experiment  Station,  reports  for  1895- 
99,  1901-05;  Bulletin  50  and  unpublished  data. 

Massachusetts,  State  Experiment  Station,  reports  for  1893, 
1894. 

Minnesota  Experiment  Station,  reports  for  1894-96 ;  Bulletins 
26,  36,  42,  47,  80. 

Mississippi  Experiment  Station,  report  for  1895. 

New  York  Experiment  Station,  reports  for  1884,  1888,  1889; 
Bulletin  141. 

North  Carolina  Experiment  Station,  Bulletins  80^,  81,  87^, 

97,  118,  148,  160,  172. 

Oklalioma  Experiment  Station,  Bulletins  37,  46. 
Oregon  Experiment  Station,  Bulletins  6,  47,  85. 
Pennsylvania  Experiment  Station,  reports  for  1887-94,  1897, 

1898,  1900-01,  1903-04. 

Tennessee  ExjDeriment  Station,  unpuhlished  data. 
Texas  Experiment  Station,  Bulletins  13,  15,  19. 
Utah  Experiment  Station,  Bulletins  16,  54,  58. 
United  States  Department  of  Agriculture,  Bureau  of  Animal 
Industry,  Bulletin  56. 

Wisconsin  Experiment  Station,  report  for  1889;  Bulletin  3. 
Wyoming  Experiment  Station,  unpublished  data. 
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A  ssistant  Horticu  Itu  rist. 
Assistant  Agriculturist. 
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KEPOKT   OF   THE  DIRECTOR. 


During  the  past  year  the  work  of  the  station  has  for  the 
most  part  followed  the  usual  lines,  hut  an  important  change 
in  policy,  as  affecting  college  and  station,  should  be  noted. 
Early  last  year  it  was  voted  by  the  Board  of  Trustees  to  sep- 
arate the  administrative  duties  of  the  presidency  of  the  col- 
lege and  the  directorship  of  the  station,  and  a  director  was 
elected.  The  station,  it  will  be  remembered,  is  a  department 
of  the  college,  and  the  director,  therefore,  is  responsible  to 
the  president.  He  is  made  ex  officio  a  member  of  the  com- 
mittee of  the  Board  of  Trustees  on  the  experiment  depart- 
ment, without  vote.  Although  this  change,  as  stated,  was 
voted  early  last  year,  it  did  not  become  practically  operative 
until  early  in  July,  for  up  to  that  time  the  director-elect  served 
as  acting  president  of  the  college  as  well  as  director,  so  that 
his  time  and  energies  were  divided. 

The  Adams  Act. 

The  past  year  has  been  rendered  notable  in  station  history 
by  the  passage  of  the  Adams  act,  granting  additional  appro- 
priations to  all  the  agricultural  experiment  stations  of  the 
country.  This  act  takes  its  name  from  the  late  Hon.  H.  C. 
Adams  of  Wisconsin,  who  labored  long  and  earnestly  to  secure 
its  passage,  and  who  perhaps  in  a  very  real  sense  gave  his  life 
for  the  passage  of  the  bill  which  bears  his  name. 

The  Adams  bill  provided  an  appropriation  by  the  national 
government  of  $5,000  to  each  experiment  station  for  the  year 
ended  June  30,  1906.  It  provides  for  an  increase  of  $2,000 
in  the  amount  appropriated  for  each  station  annually  until 
the  total  amount  per  year  for  each  State  reaches  $15,000,  at 
which  figure  it  is  then  to  remain.    This  act  will  then,  in  brief, 
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within  a  few  years  double  tlie  amount  of  tlie  national  appro- 
priations to  each  of  the  experiment  stations  of  the  country. 
This  act  was  approved  on  March  16,  1906.  There  was  for  a 
time  doubt  as  to  whether  the  first  installment  of  $5,000  would 
become  available  during  the  fiscal  year  ended  June  30  last. 
A  final  decision  w^as  not  made  until  very  late  in  June.  The 
passage  of  the  act  had,  however,  been  anticipated,  and,  in 
preparation  for  an  increase  in  the  scope  of  station  work,  the 
principal  part  of  the  first  installment  was  used  in  the  pur- 
chase of  scientific  apparatus.  The  Adams  bill  stipulates  that 
the  funds  which  it  makes  available  are  "  to  be  applied  only 
to  all  the  necessary  expenses  of  conducting  original  researches 
or  experiments  bearing  directly  on  the  agricultural  industry 
of  the  United  States."  It  should  by  the  terms  of  the  bill  be 
devoted  to  research  of  the  highest  scientific  character.  No 
part  of  the  funds  made  available  by  the  Adams  bill  can  be 
used  for  ordinary  administrative  expenses  or  for  publication. 
The  bill  was  so  drawn  that  acceptance  of  its  provisions  by 
the  Legislatures  of  the  several  States  was  a  necessary  pre- 
requisite to  the  reception  of  the  funds  which  it  provided. 
Such  acceptance  on  the  part  of  the  Legislature  of  Massachu- 
setts was  promptly  obtained. 

Change  in  the  Name  of  the  Station. 
At  the  time  when  work  was  organized  under  the  Hatch  act, 
establishing  experiment  stations  as  departments  of  agricul- 
tural colleges,  there  was  already  in  existence  in  Amherst  a 
station  organized  under  State  law^,  known  as  the  Massachu- 
setts Experiment  Station.  It  will  be  remembered  that  for 
some  years  the  two  stations  continued  in  operation  side  by 
side  and  without  disadvantage,  for  there  was  agreement  as  to 
the  lines  of  investigation  to  be  undertaken  by  each,  and  there 
was  no  duplication  of  work.  The  fact  that  the  name  Massa- 
chusetts Experiment  Station  was  already  in  use  made  it 
necessary  to  adopt  another  name;  and,  as  a  mark  of  respect 
to  Senator  Hatch,  to  whose  activity  and  influence  the  estab- 
lishment of  the  stations  under  the  general  government  had 
been  due,  this  experiment  department  in  ]\rassachusetts  was 
called  the  Hatch  Experiment  Station.     In  the  course  of  a  few 


1907.]  rUBLIC   DOCUMENT  — No.  33.  9 

years  it  became  ap})areiit  that  superior  economy  in  tlie  admin- 
istrative work  of  the  Massachusetts  stations  might  be  secured 
shoidd  both  come  under  one  organization.  An  act  of  the 
Legislature  was  secured,  uniting  the  State  station  with  the 
Hatch  station,  and  under  the  hitter  name.  The  use  of  this 
name  has  been  attended  with  numerous  minor  disadvantages. 
The  reason  for  its  adoption  is  not  generally  understood.  It 
is  contrary  to  the  custom  in  other  States  to  give  the  stations 
a  special  name ;  in  all  other  States  the  station  is  known  by  the 
name  of  the  State.  It  has  therefore  seemed  best  to  conform 
to  this  general  practice,  and  the  name  of  this  station  by  act 
of  the  Legislature  recently  secured  has  been  changed  to  the 
Massachusetts  Agricultural  Experiment  Station. 

Changes  in  Staff. 

No  very  important  changes  in  the  general  policy  of  the 
station  have  been  made  during  the  year,  and  yet  it  has  been 
a  year  of  progress.  The  station  has  been  fortunate  in  re- 
taining the  services  of  all  the  heads  of  its  various  divisions, 
and  in  June  last  the  scope  of  its  work  was  extended  through 
the  establishment  of  a  division  of  veterinary  science,  of  which 
Dr.  James  B.  Paige  was  made  the  head. 

A  considerable  number  of  minor  changes  in  the  station 
staff  have  been  made  necessary,  owing  to  the  fact  that  assist- 
ants in  various  departments  have  left  us  to  take  positions  of 
greater  responsibility  and  emolument.  These  changes  have 
been  as  follows :  — 

E.  S.  Fulton,  B.S.,  in  place  of  F.  R.  Church,  B.S. 

E.  F.  Gaskill,  B.S.,  appointed  assistant  agriculturist,  in  place  of 
S.  B.  Haskell,  B.S. 

Howard  S.  Parsons,  dairy  tester,  in  place  of  Sumner  R.  Par- 
ker, B.S. 

Charles  P.  Halligan,  B.S.,  assistant  horticulturist,  in  place  of 
Walter  B.  Hatch,  B.S. 

Lewell  S.  Walker,  B.S.,  assistant  chemist,  in  place  of  Arthur 
C.  Whittier,  B.S. 

W.  K.  Hepburn,  inspector,  in  place  of  Frank  G.  Helyar,  B.S. 

T.  A.  Barry,  obsen-er,  in  place  of  C.  H.  Chadwick. 
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The  correspondence,  as  pointed  out  by  the  heads  of  a  num- 
ber of  divisions,  has  largely  increased.  This  increase  has 
affected  not  simply  the  heads  of  divisions,  but  the  director's 
office  as  well,  and  has  made  necessary  the  employment  of  an 
increased  number  of  private  secretaries.  The  clerical  work 
of  the  station  now  affords  full  employment  for  from  five  to 
six  such  assistants. 

N^EW  Lines  of  Woek. 

During  the  past  year  two  new  lines  of  work  have  been 
undertaken,  in  both  instances  at  the  solicitation  and  with  the 
hearty  co-operation  of  persons  engaged  in  the  special  indus- 
tries affected. 

Asparagus  growing  is  an  important  industry  in  a  number 
of  sections.  Of  late  years  it  has  been  found  difficult  to  pro- 
duce satisfactory  crops,  on  account  of  the  prevalence  of  rust. 
It  is  hoped  that  it  may  be  possible  to  obtain  or  to  produce 
more  rust-resistant  varieties  of  this  crop;  and,  for  the  pur- 
pose of  working  with  that  end  in  view,  an  arrangement  has 
been  made  with  the  division  of  plant  industry  of  the  depart- 
ment of  agriculture  for  co-operative  work.  Much  of  this  work 
will  be  carried  on  in  Concord,  which  is  the  center  of  what  is 
without  doubt  the  most  important  asparagus-producing  sec- 
tion in  the  State.  In  connection  w^ith  the  asparagus-breeding 
experiments  in  Concord,  an  extended  series  of  fertilizer  ex- 
periments is  also  to  be  undertaken.  Considerable  preliminary 
work  in  both  directions  has  been  done  during  the  past  year. 

The  cranberry  industry,  which  is  so  important  chiefly  in 
the  seaboard  towns  of  southeastern  Massachusetts,  has  long 
suffered  from  a  variety  of  insect  pests.  An  important  begin- 
ning has  been  made  in  the  study  of  these  pests  during  the 
past  season.  In  this  work  the  station  has  employed  an  assist- 
ant, who  spent  the  entire  summer  in  Wareham,  which  is  one 
of  the  principal  towns  of  the  cranl)erry  district  of  Plymouth 
County.  The  results  of  his  work  and  important  suggestions 
as  to  methods  of  fighting  the  injury  due  to  some  of  the  more 
serious  insect  pests  will  be  presented  in  a  bulletin,  which  will 
1)0  ready  for  publication  at  an  early  date. 
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An  extended  scries  of  experiments  in  tlie  nse  of  fertilizers 
for  cranberries  has  also  been  begun  during  the  past  year.  The 
bogs  where  these  experiments  are  in  j^i'ogress  under  direct 
station  management  are  located  in  Falmouth.  An  almost 
equally  extensive  series  of  experiments  with  fertilizers  has 
been  begun  on  the  bogs  of  one  of  the  largest  private  growers. 

Eevision  of  Mailing  Lists. 
The  mailing  lists  of  the  station  have  been  kept  by  the  card 
catalogue  system,  and  have  not  been  revised  for  a  number  of 
years.  These  lists  include  a  total  of  some  25,000  cards.  It 
is  believed  that  they  may  include  duplicates,  and  a  considera- 
ble number  of  names  of  parties  who  no  longer  care  for  our 
publications,  —  possibly  of  persons  deceased  or  removed.  An 
important  beginning  has  been  made  in  the  revising  of  these 
lists.  The  revision  now  in  progress  will  be  made  of  the  most 
thorough  possible  character,  and  as  soon  as  it  can  be  com- 
pleted, improved  systems  of  addressing  and  mailing  will  be 
installed. 

Work  under  the  Adams  Act. 

Careful  plans  have  been  laid  for  investigations  under  the 
Adams  act.  These  investigations,  as  will  be  evident  from 
the  statement  made  concerning  the  nature  of  the  work  which 
can  be  undertaken  under  it,  will  usually  extend  over  a  con- 
siderable number  of  years.  A  portion  of  the  work  with 
asparagus  and  cranberries,  which  has  been  referred  to,  will 
be  provided  for  out  of  the  funds  furnished  by  this  act. 

Among  other  lines  of  work  which  have  been  begun  are  in- 
vestigations to  determine  the  effect  of  feed  on  the  composition 
of  milk  and  butter  fat  and  on  the  consistency  or  body  of 
butter;  the  effect  of  Porto  Rico  molasses  on  the  digestibility 
of  hay,  and  of  hay  and  a  nitrogenous  concentrate ;  the  prep- 
aration of  descriptions  and  life  histories  of  important  groups 
of  insects ;  and  a  study  of  the  relations  of  climate  to  the  de- 
velopment of  plants  and  crops  both  in  health  and  disease. 
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Bulletins  issued. 

Meteorological  bulletins  have  been  issued  monthly,  as  "usual, 
and  in  addition  the  station  has  published  and  distributed  four 
other  bulletins,  —  two  on  fertilizers,  one  on  the  inspection  of 
concentrates  and  one  on  market  milk. 

The  fertilizer  bulletins,  Nos.  109  and  111,  have  presented 
the  analyses  of  the  fertilizers  officially  examined  under  the 
fertilizer  law,  as  well  as  the  analyses  of  a  considerable  num- 
ber of  soils  and  the  more  abundant  miscellaneous  materials 
possessing  fertilizer  value,  which  are  sent  in  by  the  general 
public.  They  have  also  included  brief  discussions  of  the 
results. 

The  bulletin  on  the  inspection  of  concentrates,  No.  108, 
besides  presenting  the  results  of  the  analyses  of  food  stuffs 
collected  uuder  the  feed  law,  included  much  valuable  in- 
formation on  the  general  subject  of  food  stuffs  and  their  use. 

The  bulletin  on  market  milk,  No.  110,  included:  first,  gen- 
eral discussion  of  the  composition  and  value  of  milk  as  food; 
second,  it  presented  the  results  of  an  examination  into  the 
conditions  under  which  the  milk  marketed  in  parts  of  North- 
ampton and  Amherst  is  j>roduced,  as  well  as  the  results  of  a 
critical  examination  of  samples  of  this  milk.  The  milk  was 
subjected  to  physical,  chemical  and  bacteriological  tests,  for 
the  purpose  of  determining  its  quality,  value  and  suitability 
as  human  food.  The  results  are  carefully  and  fully  discussed, 
and  some  of  the  more  important  conclusions  presented  were 
as  follows :  Very  little  milk  showed  evidence  of  adulteration, 
and  most  of  it  was  sweet.  The  larger  part  of  it  was  above  the 
average  in  chemical  composition.  Bacteria  were  especially 
numerous  in  the  product  of  cows  kept  under  uncleanly  con- 
ditions, and  such  samples  were  far  too  numerous.  Many 
samples  showed  barny  or  disagreeable  smell,  apparently  due 
to  the  fact  that  the  milk  was  allowed  to  stand  too  long  in  the 
stable  after  milking.  The  general  conclusion  Avas,  that  a 
great  deal  of  the  milk  offered  for  general  consumption  w\ts 
not  produced  under  satisfactory  sanitary  conditions.  The 
bulletin  concludes  with  brief,  important  and  pointed  practical 
suggestions  botli  to  producers  and  to  consumers. 
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Besides  the  bulletins  which  have  been  mentioned,  three 
others  have  been  prepared,  and  are  now  in  press:  No.  112, 
"  The  Examination  of  Cattle  and  Poultry  Feeds ;  "  No.  113, 
"Fertilizer  Bulletin;"  and  No.  114,  "The  Oriental  Moth: 
a  Recent  Importation." 

Bulletins  and  Reports  available  for  Free  Distri- 
bution. 

The  supply  of  many  of  the  reports  and  bulletins  which  have 
been  issued  by  the  station,  available  for  general  distribution, 
has  been  exhausted,  but  those  in  the  following  list  will  still  be 
furnished  on  application :  — 

Tuberculosis. 

Glossary  of  fodder  terms. 

Fertilizer  analyses. 

On  the  use  of  tuberculin   (translated  from  Dr.  Bang). 

Analyses  of  concentrated  feed  stuffs. 

Fertilizer  analyses. 

The  imported  elm-leaf  beetle. 

Fertilizer  analyses;  treatment  of  barnyard  manure  with 
absorbents;  trade  values  of  fertilizing  higredients. 

Fertilizer  analyses. 

Fertilizer  analyses. 

Fertilizer  analyses;  ash  analyses  of  plants;  instructions 
regarding  sampling  of  materials  to  be  forwarded  for 
analysis. 

Fertilizer  analyses. 

Fertilizer  analyses. 

Fungicides;  insecticides;  spraying  calendar. 

A  faiTQ  wood  lot. 

Dried  molasses  beet  pulp;  the  nutrition  of  horses. 

Fertilizer  analyses;  market  values  of  fertilizing  ingredi- 
ents. 
No.  102.     Analyses  of  manurial  substances  and  fertilizers;  market 

values  of  fertilizing  ingredients. 
No.  103.  Analyses  of  manurial  substances;  instructions  regarding 
sampling  of  materials  to  be  foi-warded  for  analysis;  in- 
structions to  manufacturers,  importers,  agents  and  sell- 
ers of  commercial  fertilizers;  discussion  of  trade  vakies 
of  fertilizing  ingredients. 
No.  105.     Tomatoes  under  glass;  methods  of  pruning  tomatoes. 


No. 

3. 

No. 

33. 

No. 

34. 

No. 

41. 

No. 

64. 

No. 

68. 

No. 

76. 

No. 

81. 

No. 

83. 

No. 

84. 

No. 

89. 

No. 

90. 

No. 

92. 

No. 

96. 

No. 

97. 

No. 

99. 

No. 

100. 
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No.  107.  Analyses  of  manurial  substances  forwarded  for  examina- 
tion; market  values  of  fertilizing  ingredients;  analyses 
of  licensed  fertilizers  collected  in  the  general  markets. 

No.  109.  Analyses  of  manurial  substances  forwarded  for  examina- 
tion; analyses  of  Paris  green  and  other  insecticides 
found  in  the  general  markets;  instructions  regarding 
the  samplmg  of  materials  to  be  forwarded  for  analysis; 
instructions  to  manufacturers,  importers,  agents  and  sell- 
ers of  commercial  fertilizers;  discussion  of  trade  values 
of  fertilizing  ingredients  for  1906. 

No.  110.     Market  milk. 

No.  112.     The  examination  of  cattle  and  poultry  feeds. 

No.  113.     Fertilizer  analyses. 

No.  111.     The  oriental  moth :  a  recent  importation. 

Of  most  of  the  other  bulletins  of  the  station  a  few  copies 
still  remain;  these  will  be  supplied  only  to  complete  sets  for 
libraries. 

The  co-operation  and  assistance  of  farmers,  frnit  growers 
and  horticulturists,  and  all  interested  directly  or  indirectly  in 
agriculture,  is  earnestly  requested.  Communications  may  be 
addressed  to  the  "  Massachusetts  Agricultural  Experiment 
Station,  Amherst,- Mass." 

Repoets  of  Divisions. 

The  reports  of  the  different  heads  of  divisions  are  trans- 
mitted herewith. 

The  rej)ort  of  the  meteorologist  calls  attention  to  two  or 
three  important  improvements  in  equipment. 

The  report  of  the  agriculturist  is  elsewhere  briefly  sum- 
marized. 

The  report  of  the  fertilizer  section  of  the  division  of  chem- 
istry calls  attention  to  a  moderate  increase  in  the  number  of 
fertilizers  licensed  in  the  State  and  in  the  number  analyzed. 
Three  hundred  and  fifty-four  brands  of  fertilizers  and  chem- 
icals have  been  licensed  in  Massachusetts  during  the  year. 
As  was  pointed  out  in  the  last  annual  report,  there  can  be  no 
possible  necessity  for  such  a  large  number  of  different  kinds 
of  fertilizers.  The  report  of  the  chemist  this  year  empha- 
sizes this  point.     It  should  be  more  generally  understood  that 
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the  fertilizers  purcliased  by  the  fanner  cost  more  as  a  cousc- 
qnciicc  of  this  needless  multiplication  of  brands.  It  would 
seem  to  be  the  j)art  of  connnon  sense  for  the  mannfacturers  to 
reduce  their  number,  for  whatever  enables  them  to  lower  the 
price  to  the  consumer  must  eventually  help  manufacturer  and 
dealer  as  well  as  consumer.  The  fertilizers  analyzed  during 
the  past  year  have  shown  an  improvement  in  quality,  as  com- 
pared with  stated  composition.  No  particular  improvement 
can  be  noted  in  the  direction  of  better  adaptation  to  crops. 
The  different  brands  of  special  crop  fertilizers  show  the  same 
extreme  variations  as  heretofore.  It  is  evident  that  not  all 
of  the  fertilizers  advertised  as  suitable  for  any  particular  crop 
can  possibly  meet  the  promises  of  the  manufacturers.  The 
analyses  completed  by  the  station  show  some  decline  in  the 
general  quality  of  wood  ashes,  and  the  report  emphasizes  the 
desirability  that  consumers  of  ashes  should  purchase  only  on  a 
guarantee  as  to  quality. 

The  report  of  the  section  of  foods  and  feeding  is  largely 
devoted  to  the  presentation  of  the  results  of  experiments  to 
determine  the  digestibility  of  some  of  the  newer  food  stuffs. 
The  publication  of  such  results  seems  to  be  essential  as  a  basis 
for  proper  use  of  such  materials.  The  report  calls  attention 
to  the  general  results  of  the  analyses  of  samples  of  drinking 
water,  which  indicate,  as  in  previous  years,  the  necessity  of 
caution  in  cases  where  contamination  seems  possible  or  is  sus- 
pected. The  report  includes  also  brief  statements  of  the  re- 
sults of  the  execution  of  the  feed  and  dairy  laws.  Dealers  in 
food  stuffs  seem  in  general  disposed  to  comply  with  the  law, 
although  in  a  few  cases  it  is  believed  that  retailers  are  in  the 
habit  of  removing  or  failing  to  attach  labels  required  by  the 
law.  Attention  is  called  to  the  fact  that  the  tests  of  Babcock 
glassv.-are  for  accuracy  show  a  comparatively  large  proportion 
to  be  inaccurately  graduated.  There  is  much  need  of  greater 
care  on  the  part  of  manufacturers. 

The  results  of  a  feeding  trial  in  which  Porto  Rico  molasses 
was  tested  are  presented.  They  show  such  molasses  to  have 
apparently  about  80  per  cent,  of  the  value  of  corn  meal.  At- 
tention, however,  is  called  to  the  fact  that  molasses  depresses 
the  digestibility  of  other  foods.     Should  it  be  found  that  such 
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depression  inevitably  follows  the  use  of  molasses,  this  consid- 
eration will  materially  decrease  its  value  as  a  food  stuff. 

Feeding  experiments  with  alfalfa  meal  indicate  that  it  is 
not  equal  to  wheat  bran  in  food  value,  as  is  claimed  by  some 
of  its  manufacturers. 

Experiments  with  sorghum  as  a  fodder  show  that  the  large 
quantities  of  seed  sometimes  recommended  are  unnecessary, 
and  that  the  fodder  fills  a  useful  place  in  a  soiling  system. 

The  report  of  the  botanist  and  vegetable  pathologist  covers 
a  considerable  variety  of  topics.  Attention  is  called  to  the 
tonic  influence  of  Bordeaux  mixture  on  plant  assimilation. 
As  a  result  of  this  influence,  it  seems  apparent  that  the  benefit 
following  the  application  of  Bordeaux  mixture  is  not  due 
solely  to  the  prevention  of  disease,  but  in  considerable  meas- 
ure as  well  to  increased  vigor  of  growth. 

Attention  is  called  to  the  importance  of  further  study  for 
the  discovery  of  a  remedy  for  tomato  rot,  which  so  seriously 
injures  the  greenhouse  crop  in  this  State. 

The  report  shows  a  considerable  increase  in  the  amount  of 
work  done  by  the  station  in  testing  seeds  for  farmers  and 
gardeners.  It  presents  a  review  of  the  year  as  regards  the 
prevalence  of  plant  diseases.  It  seems  that  during  the  past 
year  the  potato  has  been  comparatively  free  from  disease, 
while  celery,  pears  and  apples  have  been  affected  to  an  unusual 
degree.  The  report  calls  attention  to  defoliation  of  fruit 
trees  not  infrequently  following  improper  spraying,  and 
makes  important  suggestions  in  connection  therewith. 

Attention  is  called  to  a  bacterial  disease  of  cucumbers  un- 
der glass.  It  has  been  found  that  relatively  late  planting 
insures  absolute  or  comparative  freedom  from  this  disease, 
A  bacterial  disease  of  lettuce  is  common  in  the  south,  and 
growers  are  cautioned  to  be  on  the  outlook  for  similar  disease 
in  their  houses.  The  promptest  measures  should  be  taken  to 
eradicate  it,  should  it  appear. 

Attention  is  called  to  a  serious  trouble  wdiich  tobacco  grow- 
ers have  experienced  within  the  last  year  or  two,  which  ap- 
pears to  be  due  to  improper  use  of  fertilizers. 

It  is  pointed  out  that  the  lime  and  sulfur  treatment  now  so 
often  adopted  as  a  means  of  destroying  the  San  Jose  scale 
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exercises  a  repressive  influence  upon  a  number  of  fungous 
diseases.  It  has  been  noted  that  fruit  trees  have  been  remark- 
ably free  from  such  diseases,  and  the  fruit  unusually  perfect 
and  free  from  imperfections  where  the  lime  and  sulfur  treat- 
ment has  been  practiced,  and  the  opinion  is  expressed  that  the 
San  Jose  scale  may  prove  "  a  blessing  in  disguise." 

A  brief  report  is  presented  of  the  trial  of  a  number  of  dif- 
ferent fungicides  for  potatoes.  The  wet  Bordeaux  mixture 
was  found  to  be  superior  to  any  of  the  dry  applications,  but 
the  results  of  the  season  are  comparatively  inconclusive. 

The  re}X)rt  includes  an  important  paper  upon  banding  sub- 
stances which  are  used  for  the  protection  of  trees  and  shrubs 
from  insects.  Relatively  few^  of  the  substances  upon  the  mar- 
ket satisfy  all  the  requirements  in  such  a  material.  A  num- 
ber of  them  prove  highly  injurious  if  applied  direct  to  the 
bark. 

The  report  of  the  botanist  includes  a  paper  on  the  injury 
to  trees  caused  by  illuminating  gas.  It  appears  that  a  large 
amount  of  careless  work  has  been  done  in  the  putting  in  of 
gas  mains.  The  injury  to  trees  consequent  upon  the  escape  of 
illuminating  gas  into  the  soil  surrounding  their  roots  has  in 
a  number  of  instances  proved  very  serious. 

The  report  concludes  with  a  discussion  as  to  the  varying 
texture  of  soil  required  for  some  of  our  more  important  spe- 
cial crops. 

The  report  of  the  entomologists  calls  attention  to  the  large 
amount  of  injury  to  various  greenhouse  crops  consequent  upon 
the  attacks  of  the  white  fly.  Fumigation  with  hydrocyanic 
acid  gas  has  been  found  the  most  successful  method  of  destroy- 
ing this  insect,  but  the  results  of  such  fumigation  have  in 
numerous  instances  resulted  in  great  injury  to  the  plants  fumi- 
gated. The  capacity  of  different  plants  to  endure  such  fumi- 
gation is  for  the  most  part  unknown.  This  subject  has  been 
carefully  investigated  for  greenhouse  tomatoes,  and  a  bulletin 
soon  to  be  published  will  present  the  results  and  give  definite 
directions.  The  report  calls  attention  to  the  rapid  spread  of 
the  San  Jose  scale,  which  seems  to  be  at  present  distributed 
in  nearly  every  town  east  of  the  Connecticut  River.  The 
scale  is  found  in  old  as  well  as  in  recently  set  trees.     The  re- 
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port  calls  attention  to  the  fact  that  earlier  experiments  here 
showed  the  lime  and  sulfur  treatment  to  be  the  most  effective. 
Later  investigation  confirms  these  early  results.  The  report 
deals  briefly  with  a  number  of  the  proprietary  mixtures  rec- 
ommended for  the  destruction  of  the  San  Jose  scale,  but  states 
that  none  of  them  has  been  found  equal  to  the  lime  and  sulfur 
mixture.  The  report  makes  mention  of  the  work  on  cran- 
berry insects  and  the  investigation  as  to  the  newly  imported 
oriental  moth,  both  of  which  have  been  previously  referred  to. 
It  concludes  with  brief  reference  to  some  of  the  more  destruc- 
tive insects  of  the  year. 

The  report  of  the  veterinarian  briefly  discusses  the  nature 
of  the  work  which  his  dejiartment  has  been  called  upon  to  do. 
It  will  be  remembered  that  this  division  has  been  organized 
only  since  July. 

The  report  of  the  horticulturist  makes  brief  meijtion  of  the 
different  lines  of  experimental  work  in  progress,  and  reports 
in  detail  the  results  of  experiments  iu  mushroom  growing. 
These  indicate  pure-culture  spawn  to  be  much  superior  to  the 
ordinary  commercial  spawn,  and  that  there  is  a  wide  differ- 
ence in  the  characteristics  of  different  varieties  as  regards 
productiveness  and  quality.  The  results  indicate  that  the 
possibilities  of  profit  in  mushroom  culture  are  by  no  means 
as  great  as  is  often  represented. 

WILLIAM  P.  BEOOKS, 

Director. 
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ANNUAL  REPORT 

Op  George  F.  Mills,  Treasurer  of  the  Massachusetts  Agricul- 
tural Experiment  Station  of  the  Massachusetts  Agricul- 
tural College, 

For  the  Year  eudiiKj  June  30,  1906. 
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REPORT   OF   THE  METEOROLOGIST. 


J.    E.    OSTRANDER. 


The  work  of  the  meteorological  division  during  the  past 
year  has  been  continued  along  the  same  lines  as  in  previous 
years.  While  changes  in  the  instruments  at  times  are  neces- 
sary, and  a  modification  in  the  form  of  the  records  must 
occasionally  be  made,  these  are  avoided  unless  the  necessity 
is  very  apparent.  The  value  of  a  set  of  records  at  any  sta- 
tion is  dependent  on  the  uniformity  with  which  they  have 
been  made,  as  well  as  on  the  length  of  time  covered.  Not- 
withstanding the  objections  to  a  change,  it  was  considered 
advisable  at  the  beginning  of  the  year  to  discontinue  the  pub- 
lication of  the  wind  movement  as  given  by  the  Draj^er  ane- 
mometer, and  to  use  instead  that  given  by  the  electric  register 
which  was  installed  last  year.  This  was  done  so  that  our 
records  would  be  better  comparable  with  those  of  the  United 
States  Weather  Bureau  meteorological  stations,  which  use 
electric  recorders.  A  comparison  of  the  two  records  at  this 
station  shows  a  difference  of  from  5  to  10  per  cent,  in  the 
total  movement  during  a  month,  that  of  the  electric  register 
usually  being  the  larger.  The  Draper  records  are  still  taken, 
and  will  be  continued  during  the  coming  year  for  the  purpose 
of  further  comparison. 

The  records  of  the  electric  sunshine  recorder  have  been 
substituted  for  those  of  the  Draper  instrument,  and,  while 
they  are  made  more  precise,  it  is  not  thought  that  the  monthly 
results  are  materially  affected  by  the  change. 

With  the  close  of  the  year  the  records  for  eighteen  years 
will  be  complete.  A  summary  of  the  records  for  the  first  ten 
years  was  published  in  the  report  for  1900,  This  summary 
has  been  carried  along  to  date  for  the  purpose  of  deducing 
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mean  values  which  are  taken  for  the  normals  of  the  station. 
It  should  again  be  published  when  the  records  for  twenty 
years  are  completed. 

The  usual  monthly  bulletins  have  been  issued,  and  the  one 
for  December  will  contain  a  summary  of  the  records  for  the 
year.  The  station  has  also  furnished  the  Boston  office  of  the 
United  States  AYeather  Bureau  Avith  the  monthly  voluntary 
observers'  reports,  and  has  arranged  to  send  weekly  snow  re- 
ports during  the  winter  season. 

The  local  forecasts  are  received  by  telegraph  daily,  Sun- 
days excepted,  from  the  Boston  office,  and  the  proper  flags 
are  displayed. 

During  the  year  a  new  Draper  self-recording  thermometer 
was  purchased,  to  replace  the  one  in  use.  A  new  maximum 
thermometer  of  standard  pattern  was  purchased,  to  replace 
the  one  in  use  which  was  broken  in  resetting.  A  Felt  and 
Tarrent  comptometer  has  been  added  to  the  equipment,  and 
is  used  in  making  many  of  the  computations.  All  computa- 
tions are  checked,  to  reduce  the  probability  of  errors  to  a 
minimum. 

In  February  Mr.  C.  H.  Chadwick,  the  observer,  retired 
to  accept  a  position  in  civil  engineering  in  the  south ;  and  the 
assistant  observer,  Mr.  T.  A.  Barry,  was  advanced  to  the 
place. 
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EEPORT  OF  THE  AGRICULTURIST. 


■VVM.   P.    liUOOKS;    ASSISTANTS,   E.    S.    FULTON,    E.    F.   GASKILL. 


The  work  carried  on  in  the  agricultural  division  of  the 
experiment  station  during  the  past  season  has  involved  the 
care  of  308  field  plots  in  the  various  fertilizer  and  variety 
tests;  150  closed  plots,  largely  used  in  fertilizer  experiments; 
and  286  pots  in  vegetation  experiments,  mainly  designed  to 
throw  light  upon  problems  connected  with  the  use  of  fer- 
tilizers. It  will  be  remembered  that  a  large  number  of  the 
experiments  in  this  division  are  continued  from  year  to  year. 
Such  repetitions  are  desirable,  for  reasons  which  are  fully 
set  forth  in  the  last  annual  report.  A  detailed  account  of 
results  obtained  will  at  this  time  be  presented  only  for  a 
relatively  small  number  of  the  experiments  in  progress.  The 
experiments  discussed,  and  the  more  important  results,  briefly 
stated,  are  as  follows :  — 

I.  —  Experiment  to  determine  the  relative  value  as  sources 
of  nitrogen  of  barnyard  manure,  nitrate  of  soda,  sulfate  of 
ammonia  and  dried  blood.  This  experiment  has  been  in 
progress  since  1890.  The  crop  of  this  year  was  corn,  and 
on  the  basis  of  yield  the  nitrogen  materials  under  comparison 
rank  in  the  following  order:  barnyard  manure,  nitrate  of 
soda,  sulfate  of  ammonia,  dried  blood.  On  the  basis  of  in- 
crease in  crop,  as  compared  with  the  product  of  the  no-nitro- 
gen plots,  taking  into  account  all  the  crops  grown  since  the 
experiment  began  (1890),  the  materials  on  a  percentage 
basis  rank  as  follows :  nitrate  of  soda,  100  ;  barnyard  manure, 
85.31 ;  dried  blood,  70.06 ;  sulfate  of  ammonia,  63.54. 

II.  —  Experiment  to  determine  the  relative  value  of  muri- 
ate and  high-grade  sulfate  of  potash.  The  crops  on  the  basis 
of  which  comparisons  are  possible  this  year  were  soy  beans, 


U  EXPERIMENT   STATION.  [Jan. 

asparagus,  rhubarb,  rasjiberries,  blackberries,  mixed  bay  and 
potatoes.  The  sulfate  of  potash  gives  the  larger  crops  in  the 
case  of  soy  beans,  rhubarb,  raspberries,  blackberries,  pota- 
toes, and  (as  the  average  of  two  experiments)  for  mixed  hay. 
The  muriate  gives  the  larger  crop  of  asparagus. 

III.  —  Experiment  to  determine  the  relative  value  of  dif- 
ferent potash  salts  for  field  crojDS.  The  salts  under  compari- 
son were  kainit,  high-grade  sulfate,  low-grade  sulfate,  muri- 
ate, nitrate,  carbonate  and  silicate.  The  crop  was  potatoes. 
The  salts  on  the  average  of  five  trials  for  each  rank  as  fol- 
lows :  muriate,  low-grade  sulfate,  high-grade  sulfate,  nitrate, 
carbonate,  kainit  and  silicate.  Where  potash  is  not  used 
as  a  fertilizer,  the  vines  appear  to  be  far  more  suscej)tible  to 
early  blight  than  on  the  other  plots. 

IV.  —  Experiment  to  show  the  relative  value  in  corn  and 
hay  production  of  special  corn  fertilizers,  as  compared  mth 
a  fertilizer  mixture  richer  in  potash.  The  crop  of  the  past 
season  was  mixed  grass  and  clover.  The  special  corn  fer- 
tilizer gave  the  larger  yield  at  the  first  cutting,  the  fertilizer 
richer  in  potash  the  larger  yield  of  rowen.  This  exj)eriment 
has  continued  since  1891.  Ten  corn  crops  and  six  crops  each 
of  hay  and  rowen  have  been  produced.  As  the  average  of 
the  entire  number  of  experiments,  the  special  corn  fertilizer 
has  given  a  slightly  larger  yield  of  grain  and  less  stover  than 
the  mixture  of  materials  richer  in  potash.  As  the  average 
of  six  years'  results,  the  mixture  richer  in  potash  has  given 
the  larger  crops  both  of  hay  and  rowen. 

Y.  —  Experiment  to  determine  the  relative  value  for  pro- 
duction of  corn  and  mixed  hay  of  manure  alone,  as  compared 
with  a  smaller  application  of  manure  and  a  moderate  amount 
of  sulfate  of  potash.  The  crop  of  the  past  year  was  mixed 
hay.  The  larger  application  of  manure  alone  gave  slightly 
larger  yields  both  at  the  first  and  second  cuttings  than  the 
combination  of  the  smaller  amount  of  manure  and  potash. 
This  experiment  has  continued  sixteen  years.  Ten  corn  crops 
and  six  crops  each  of  hay  and  rowen  have  been  harvested. 
The  average  yields  both  of  corn  and  hay  have  been  greater 
on  the  larger  amount  of  manure  alone,  but  not  sufficiently 
greater,  estimating  the  manure  to  cost  $5  per  cord,  to  cover 
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the  larger  cost  of  the  manure  applied  to  those  plots  where 
it  is  used  alone. 

VI.  —  Experiment  to  determine  the  relative  value,  as 
measured  by  crop  production,  of  a  considerable  number  of 
phosphates  used  in  quantities  to  furnish  equal  phosphoric 
acid  to  each  plot.  The  phosphates  under  comparison  are  fine 
ground,  —  apatite,  South  Carolina  rock  and  Tennessee  rock 
phosphates ;  Florida  soft  phosphate,  basic  slag  meal,  dissolved 
bone  black,  raw  bone  meal,  dissolved  bone  meal,  steamed  bone 
meal  and  acid  phosphate.  The  crop  of  the  past  season  was 
mixed  haj.  The  yields  on  the  different  phosphates  varied 
relatively  little,  indicating  that  the  hay  crop  is  dependent  in 
far  less  degree  upon  the  quantity  of  available  phosj)horic 
acid  applied  than  are  the  crops  belonging  to  the  CruciferoB, 
such  as  cabbages  and  turnips,  as  shown  by  previous  trials. 

VII.  —  Soil  tests.  The  past  season  was  the  eighteenth 
during  which  the  soil  test  reported  in  detail  has  continued. 
The  results  show  the  great  importance  of  a  supply  of  nitrogen 
in  highly  available  form  for  the  production  of  a  satisfactory 
hay  crop. 

VIII.  —  Experiment  in  applying  manurial  substances  in 
rotation  for  the  production  of  grass.  The  materials  applied 
in  the  rotation  are :  first,  barnyard  manure ;  second,  wood 
ashes ;  and  third,  a  combination  of  fine-ground  bone  and 
potash.  The  average  yield  of  hay  during  the  past  season 
was  at  the  rate  of  4,002  pounds  per  acre.  The  average  for 
the  fourteen  years  during  which  the  experiment  has  con- 
tinued has  been  6,389  pounds. 

IX.  —  An  experiment  comparing  winter  with  spring  ap- 
plication of  manure  on  a  slope.  The  crop  of  the  past  year 
was  corn,  and  the  results  indicate  a  small  loss  in  fertilizer 
value,  resulting  from  winter  application,  but  the  gain  in  crop 
where  the  manure  was  applied  in  spring  was  not  sufficient 
to  repay  the  extra  cost  in  handling  the  manure  in  that  manner. 

X.  —  Experiment  in  the  application  of  nitrate  of  soda 
for  rowen.  The  increase  in  crop  during  the  past  season  was 
considerably  more  than  sufficient  to  cover  the  cost  of  the  ap- 
plication ;  but  the  results  in  the  different  years  that  the  ex- 
periment has  continued  show  a  wide  variation  with  the 
amount  of  rainfall  durJno'  the  season  of  growth  of  the  crop. 
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XL  —  A  variety  test  of  potatoes,  including  twenty-five 
varieties.  The  most  productive  varieties,  mentioned  in  order, 
were:  Climax,  Chenango  White,  Hammond's  Wonderful  and 
Simmon's  Model,  all  of  which  gave  a  yield  in  excess  of  200 
bushels  merchantable  potatoes  per  acre. 

XII.  —  Comparisons  of  food  combinations  furnishing  the 
essential  nutrients  in  varying  proportions  for  laying  hens. 
The  results  indicate  corn  to  have  superior  merit  among  the 
different  grains  for  the  production  of  eggs  wdienever  the  total 
fiber  content  of  the  ration  is  low,  and  the  fat  content  rela- 
tively high.  Rice,  which  contains  less  fiber  than  any  other 
grain,  gives  a  satisfactory  egg  product,  but  costs  too  much 
to  render  its  use  advisable. 

I.  —  Manures    and    Fertilizers    furnishing    Nitrogen 
COMPARED.     (Field  A.) 

The  materials  furnishing  nitrogen  which  are  under  com- 
jDarison  in  this  exjjeriment  are  barnyard  manure,  nitrate  of 
soda,  sulfate  of  ammonia  and  dried  blood.  With  few  and 
unimportant  exceptions,  each  plot  has  been  manured  in  the 
same  w^ay  since  1890.  The  field  includes  eleven  plots,  of 
one-tenth  acre  each.  All  the  plots  annually  receive  equal  and 
liberal  amounts  of  phosphoric  acid  and  potash.  The  plios- 
phoric  acid  is  supplied  to  all  plots  in  the  form  of  dissolved 
bone  black.  The  potash  is  applied  to  six  plots  (1,  3,  6,  Y, 
8  and  9)  in  the  form  of  muriate;  it  is  applied  to  four  plots 
(2,  4,  5,  and  10)  in  the  form  of  low-grade  sulfate.  There 
are  three  plots  in  the  field  which  have  had  no  nitrogen  ap- 
plied to  them  in  any  form  since  1884.  The  nitrogen  ma- 
terials under  comparison  are  applied  in  such  quantities  as 
to  furnish  nitrogen  at  the  rate  of  45  pounds  per  acre  to  each. 
Barnyard  manure  is  used  on  one  plot,  nitrate  of  soda  on  two, 
sulfate  of  ammonia  on  three  and  dried  blood  on  two. 

The  plots  to  which  nitrogen  has  been  applied  in  the  form 
of  sulfate  of  ammonia  have  shown  a  tendency  to  comparative 
improductiveness,  due  without  doubt  to  unfavorable  chemical 
or  biological  conditions.  These  unfavorable  conditions  have 
apparently  tended  to  prevent  or  to  retard  the  nitrification  of 
the  ammonia  nitrogen.  As  a  means  of  correcting  the  faulty 
conditions,  50  pounds  of  unslaked  lime  were  applied  to  plot 
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G  in  189G.  Twice  since  that  date,  in  1898  and  in  1905, 
the  entire  field  has  been  limed,  as  observation  of  the  growth 
of  the  crops,  especially  of  clover^  indicated  that  liming  would 
be  beneficial.  In  1898,  lime  was  applied  at  the  rate  of  2,000 
pounds  per  acre  of  air-slaked  lime.  In  1905,  2,395  pounds 
of  slaked  lime  were  af)plied  to  the  entire  field,  this  being  at 
the  rate  of  a  little  more  than  a  ton  to  the  acre. 

The  crops  grown  in  this  experiment  previous  to  this  year 
in  the  order  of  their  succession  have  been :  oats,  rye,  soy 
beans,  oats,  soy  beans,  oats,  soy  beans,  oats,  oats,  clover,  po- 
tatoes, soy  beans,  potatoes,  soy  beans,  potatoes,  oats  and  peas. 

The  crop  of  the  past  season  was  Rustler  White  Dent  corn, 
the  seed  having  been  obtained  in  Minnesota.  It  may  be  here 
remarked  that  this  variety  seems  to  be  well  adapted  to  our 
local  soil  and  climatic  conditions.  It  gave  a  thoroughly 
matured  crop  and  a  heavy  yield. 

After  the  harvest  of  the  crop  of  the  season  1905  (oats 
and  peas),  the  land  was  replowed  and  sown  to  clover  late  in 
August.  This  clover  made  a  poor  start,  and  was  badly  in- 
jured by  the  winter.  The  condition  in  the  spring  was  best 
on  plot  0  (manure).  It  was  poorest  on  plots  5  and  6  (sul- 
fate of  ammonia).  On  these  there  were  but  few  living  plants 
remaining.  The  condition  of  the  clover  being  so  poor,  the 
field  was  plowed  on  May  18.  The  manure  and  the  fertilizers 
were  applied  in  accordance  with  the  regular  system  on  May 
21.  The  field  was  harrowed  thoroughly  on  May  22  and  23 ; 
it  was  planted  on  the  23d.  The  crop  was  thoroughly  cared 
for,  and  no  exceptional  conditions  likely  to  interfere  with 
the  experiment  were  noted.  The  rates  of  yield  on  the  sev- 
eral plots  and  the  sources  of  nitrogen  on  each  are  shown  in 
the  following  table :  — 
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Yield  of  Corn  and  Stover  per  Acre. 


Nitrogen  Fertilizers  used. 

Corn  (Bushels). 

Stover 
(Pounds). 

Plots. 

First 
Quality. 

Second 
Quality. 

0,  . 

1,  . 

2,  . 

3,  . 

4,  . 

5,  . 

6,  . 

7,  . 

8,  . 

9,  . 
10,    . 

Barnyard  manure, 

Nitrate  of  soda  (muriate  of  potash), 
Nitrate  of  soda  (sulfate  of  potash) ,  . 
Dried  blood  (muriate  of  potash). 
No  nitrogen  (sulfate  of  potash), 
Sulfate  of  ammonia  (sulfate  of  potash),  . 
Sulfate  of  ammonia  (muriate  of  potash) , 
No  nitrogen  (muriate  of  potash) ,      .        .        . 
Sulfate  of  ammonia  (muriate  of  potash), 
No  nitrogen  (muriate  of  potash) ,      .        .        . 
Dried  blood  (sulfate  of  potash), 

86.71 
62.14 
70.00 
63.43 
34.29 
62  ..57 
62.86 
3.')  .00 
61.71 
29.29 
57.71 

16.14 
13.57 
14.00 
10.43 
13.86 
10.00 
9.86 
10.00 
12.86 
15.71 
12.57 

6,500 
6,300 
6,100 
6,000 
6,200 
5,400 
5,350 
5,350 
5,930 
5,600 
5,800 

The  yield  on  the  three  no-nitrogen  plots  (4,  7  and  9)  is 
much  inferior  to  that  on  any  of  the  others,  although  it  is 
still  almost  equal  to  the  average  rate  of  yield  of  corn  per 
acre  in  this  State.  The  yield  on  all  the  plots  receiving  nitro- 
gen was  good,  but  wide  differences  will  be  noticed.  The 
plot  to  which  manure  was  applied  gave  a  yield  much  supe- 
rior to  that  obtained  on  any  of  the  other  plots.  The  relative 
rank  of  the  manure  plot  with  most  of  the  crops  grown  has 
been  much  lower.  In  corn,  as  is  w^ell  understood,  we  have  a 
crop  capable,  in  unusual  degree,  of  utilizing  the  nitrogen  of 
our  coarser  manures,  since  its  principal  growth  occurs  at  a 
season  sufficiently  late  so  that  the  nitrogen  of  the  compara- 
tively inert  organic  compounds  of  the  manure  can  previously 
have  been  rendered  available  by  the  natural  processes  of 
decay  and  nitrification,  for  which  the  warm  weather  of  the 
early  and  mid-summer  months  is  so  favorable. 

The  average  yields  of  this  year  on  the  several  fertilizers 
are  shown  in  the  following  table :  — 
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Corn  (Bdshels). 

Stover 
(Pounds) . 

Fertilizers  used. 

First 
Quality. 

Second 
Quality. 

Averageof  uo-uitrogen  plots  (4,  7,  9), 

Average  of  the  nitrate  of  soda  plots  (1,  2), 

Average  of  the  dried  blood  plots  (3, 10),      .       .       .       . 

Average  of  the  sulfate  of  ammonia  plots  (5,  6,  8) ,     . 

32.86 
66.07 
60.07 
62.38 

13.19 
13.79 
11.50 
10.90 

.'5,717 

6,200 
5,900 
5,560 

As  a  result  of  all  the  experiments  previous  to  this  year, 
it  has  been  found  that  the  materials  furnishing  nitrogen 
have  produced  crops  in  the  following  relative  amounts :  — 


Per  Cent. 

Nitrate  of  soda,       .... 

.       100.00 

Barnyard  manure,  .... 

94.47 

Dried  blood,   ..... 

91.09 

Sulfate  of  ammonia, 

88.83 

No  nitrogen, 

71.52 

Similar  averages  for  this  year  are  as  follows 


Per  Cent. 

Corn. 

stover. 

Nitrate  of  soda, 

100.00 

100.00 

Barnyard  manure,  . 

.       131.24 

104.83 

Sulfate  of  ammonia, 

94.41 

89.68 

Dried  blood,   .... 

90.92 

95.16 

No  nitrogen,  .... 

49.73 

92.20 

If  we  combine  the  results  showing  relative  standing  in 
1906  with  the  similar  figures  for  all  the  years  previous  to 
1906,  the  relative  standing  is  as  follows:  — 

Per  Cent. 


Nitrate  of  soda,       .... 

.       100.00 

Barnyard  manure,  .... 

96.63 

Dried  blood,    ..... 

91.08 

Sulfate  of  ammonia. 

89.14 

No  nitrogen,   ..... 

70.24 

All  the  figures  showing  relative  standing  included  in  the 
above  tables  are  based  upon  the  total  yields.  Presented  in 
this  way,  they  are  not  without  interest.  Of  even  greater 
interest,  however,  will  be  a  comparison  on  the  basis  of  the 
increases  as  compared  with  the  no-nitrogen  plots,  due  to  the 
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different  nitrogen-containing  materials  which  have  been  used. 
On  this  basis,  increase  in  crop,  rather  than  on  the  basis  of 
total  product,  the  manure  and  fertilizers  used  as  a  source 
of  nitrogen  rank  to  date  for  the  entire  period  of  the  experi- 
ment, 1890  to  190G,  inclusive,  as  follows:  — 

Relative  Increases  iii  Yields  {Averages  for  the  Seventeen  Years') . 

Per  Cent. 

Nitrate  of  soda, 100.00 

Barnyard  manure,  .......  85.32 

Dried  blood, 70.03 

Sulfate  of  ammonia,         ......  63.51 

It  will  be  noticed  that,  whatever  the  basis  of  comparison, 
the  nitrate  of  soda  has  on  the  average  given  results  consid- 
erably superior  to  those  obtained  either  with  manure  or  with 
either  of  the  other  nitrogen  fertilizers.  It  will  also  be  no- 
ticed that  the  sulfate  of  ammonia,  on  the  other  hand,  has 
given  results  much  inferior  to  those  obtained  with  either  of 
the  other  materials  supplying  nitrogen.  If  nitrogen,  then, 
can  be  purchased  in  the  form  of  nitrate  at  a  price  per  unit 
not  exceeding  that  which  it  will  cost  in  other  forms,  there 
can  be  little  doubt  that  it  should  be  depended  upon  as  a 
source  of  this  element  for  most  of  the  crops  of  the  farm. 
The  results  of  the  past  season,  however,  indicate  that,  as 
would  naturally  be  anticipated^  the  nitrate  does  not  show  the 
same  degree  of  superiority  for  corn  as  has  usually  been  shown 
with  tlie  crops  raised  in  this  field,  almost  all  of  which  com- 
plete their  growth  at  a  much  earlier  date  in  the  season  than 
corn. 

II.  —  The  Relative  Value  of  Muriate  and  High-gkade 
Sulfate  of  Potash.  (Field  B.) 
In  this  experiment,  muriate  of  potash  is  compared  with 
the  high-grade  sulfate  on  the  basis  of  such  applications  as 
will  furnish  equal  actual  potash  per  acre.  These  potash  salts 
are  used  in  connection  with  bone  meal  at  the  rate  of  600 
pounds  per  acre.  The  experiment  was  begim  in  1892.  Dur- 
ing the  first  eight  or  nine  years,  potash  salts  were  applied 
in  varying  qunntities,  but  for  the  most  part  at  the  rate  of 
about  350  to  400  pounds  per  acre.     Since  1900,  each  has 
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been  applied  auiiuallj  at  the  rate  of  250  pounds  per  acre. 
There  are  ten  plots  in  the  iield,  each  containing  about  one- 
seventh  of  an  acre.  Five  of  these  plots  receive  muriate  of 
potash,  and  these  plots  alternate  with  the  same  number  of 
plots  which  are  yearly  manured  with  sulfate  of  potash. 

A  large  variety  of  crops  has  been  grown  in  the  different 
years  during  which  this  experiment  has  continued.  The 
crops  of  the  past  year  were  asparagus,  rhubarb,  raspberries, 
blackberries,  mixed  hay,  potatoes  and  soy  beans.  On  each  of 
plots  13  and  14  four  different  perennial  crops  are  grown, 
namely,  asparagus,  rhubarb,  raspberries  and  blackberries, 
each  crop  occupying  substantially  one-quarter  of  the  area. 
The  hay  crof>  occupied  four  plots,  the  potatoes  and  soy  beans 
two  each. 

No  accidental  conditions  were  observed  which  unfavor- 
ably influenced  any  of  the  crops.  It  is  believed  that  the 
differences  shown  by  the  table  giving  the  yields  are  due  to 
the  difference  in  potash  salt  employed.  The  rates  of  yield 
per  acre  of  the  various  crops  on  the  different  fertilizers  are 
presented  in  the  following  table :  — 


Crops. 


Fertilizer  used. 


Yield  per  Acre. 


Soy  beans,  . 
Asparagus, . 

Rhubarb, 

Raspberries, 

Blackberries, 


Hay, 
Hay, 


Potatoes, 


Muriate  of  potash. 
Sulfate  of  potash, 
Muriate  of  potash. 
Sulfate  of  potash, 

( Muriate  of  potash, 
( Sulfate  of  potash. 
Muriate  of  potash. 
Sulfate  of  potash, 
( Muriate  of  potash, 
( Sulfate  of  potash. 

Muriate  of  potash, 
Sulfate  of  potash. 
Muriate  of  potash, 
Sulfate  of  potash, 

■  Muriate  of  potash, 
,  Sulfate  of  potash. 


Beans.  Straw. 

23.83  bush.     2,419  lbs. 

28.44  bush.     2,887  lbs. 

2,649.7  lbs. 

1,730.3  lbs. 

Stalks.  Leaves. 

23,999  lbs.      20,733  lbs. 

40,992  lbs.     33,148  lbs. 

57.26  lbs. 

151.82  lbs. 

266.00  lbs. 

857.90  lbs. 


Hay. 
2,438  lbs. 

2,261  lbs. 

2,045  lbs. 

2,709  lbs. 


Rowen. 

2,000  lbs. 

1,911  lbs. 
1,981  lbs. 
2,046  lbs. 


Large.  Small. 

158.1  bush.  25.2  bush. 

180.8  bush.  28.5  bush. 
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Soy  Beans.  —  The  yield  of  soy  beans,  as  will  be  noticed, 
was  considerably  larger  upon  the  sulfate  of  potash.  We 
have  now  carried  through  a  similar  experiment  with  soy 
beans  fifteen  times.  In  seven  of  these  trials  the  result  has 
been  favorable  to  the  sulfate  of  potash,  and  in  one  it  was  the 
same  on  the  two  salts.  The  average  of  all  trials  is  favor- 
able to  the  sulfate,  and  it  would  seem  that  there  can  be 
little  doubt  that  where  the  two  potash  salts  are  continuously 
used  the  sulfate  rather  than  the  muriate  should  be  selected. 
The  superiority  in  yield  on  the  former  is  usually  much  more 
than  sufficient  to  cover  the  small  additional  cost  of  that  salt, 
as  compared  with  the  muriate. 

Asparagus.  —  It  will  be  noticed  that  the  yield  of  aspara- 
gus on  the  muriate  of  potash  is  more  than  50  per  cent, 
greater  than  on  the  sulfate.  This  result  in  so  far  as  it  goes 
appears  to  furnish  evidence  that  the  customary  practice  of 
depending  largely  upon  the  muriate  as  a  source  of  potash 
for  the  asparagus  crop  is  sound. 

Rhuharh.  —  The  yield  of  rhubarb  this  year  is  much 
larger  than  in  any  preceding  year  during  which  this  crop 
has  been  grovvm  in  this  experiment.  In  the  earlier  years  the 
yield  on  the  sulfate  of  potash  has  been  moderately  greater 
than  on  the  muriate;  this  year  it  is  very  much  greater,  ex- 
ceeding the  yield  on  the  muriate  by  about  80  per  cent. 
Should  further  experiment  support  the  evidence  afforded 
thus  far  by  this,  it  would  appear  that  rhubarb  growers  in 
general  will  be  wise  to  depend  upon  the  sulfate  rather  than 
the  muriate  as  a  source  of  potash  for  that  crop. 

Raspberries  and  Blackherries.  —  The  yield  of  both  these 
crops  is  small  on  both  fertilizers,  that  of  raspberries  es- 
pecially so.  During  the  three  or  four  years  the  experiment 
on  these  plots  has  continued,  the  sulfate  has  invariably  given 
better  results  than  the  muriate.  Particularly  noticeable  has 
been  the  difference  in  the  degree  of  winter-killing.  The 
canes  upon  the  plot  to  which  muriate  of  potash  is  applied 
seem  to  be  much  less  hardy  than  those  on  the  plot  where 
sulfate  is  used;  and,  with  little  doubt,  the  greater  yield  on 
the  latter  potash  salt  is  mainly  a  consequence  of  the  fact 
that    the    injury    due    to    winter-killing    is    so    much    less. 
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Should  further  experiment  confirm  what  now  apj)ears  to  be 
probable  in  regard  to  the  varying  effect  of  these  two  potash 
salts  upon  the  ability  of  the  canes  of  these  fruits  to  resist 
the  winter's  cold,  the  point  demonstrated  will  be  one  of 
much  importance,  for  winter-killing  is  one  of  the  most  seri- 
ous obstacles  to  the  successful  production  of  some  of  the 
most  desirable  varieties  of  these  fruits. 

The  Hay  Crops.  —  The  hay  crop  of  the  past  year  occu- 
pied four  plots.  Clover  seed  alone  was  so^\m,  but  the  clover 
did  not  make  a  good  stand,  and  the  vacancies  were  filled  in 
part  by  timothy,  in  part  by  Aveeds.  Where  the  clover  was 
best,  a  considerable  superiority  in  favor  of  the  sulfate  of 
potash  was  manifest.  Aside  from  this  observation,  the  re- 
sults of  the  year  with  the  hay  crop  did  not  appear  to  have 
much  significance. 

Potatoes.  —  It  will  be  noted  that  the  yield  of  merchant- 
able potatoes  upon  the  sulfate  of  potash  was  materially 
larger  than  on  the  muriate.  This  result  is  in  accordance 
with  the  results  which  have  usually  been  obtained  in  experi- 
ments upon  our  grounds;  and,  in  spite  of  the  fact  that  the 
season  during  which  the  potatoes  made  their  chief  growth 
was  this  year  characterized  by  a  considerable  deficiency  of 
rainfall,  the  soil  where  the  sulfate  has  been  continuously 
used  shows  its  superiority  over  that  where  the  muriate  has 
been  similarly  used. 

III.  • —  Comparison  of  Different  Potash  Salts  for 
Field  Crops.  (Field  G.) 
This  experiment  is  designed  to  show  the  ultimate  effect 
upon  the  soil,  as  well  as  the  current  effect  upon  the  crops, 
of  continuous  use  of  different  potash  salts.  We  have  under 
comparison  kainit,  high-grade  sulfate,  low-grade  sulfate, 
muriate,  nitrate,  carbonate  and  silicate.  The  field  includes 
forty  plots,  in  five  series  of  eight  plots  each.  Each  series 
includes  a  no-potash  plot,  as  well  as  the  seven  potash  salts 
which  have  been  named.  The  experiment  is  therefore  car- 
ried out  each  year  in  quintuplicate.  The  area  of  each  plot 
is  one-fortieth  of  an  acre.  The  potash  salts  under  compari- 
son are  used  in  quantities  which  will  supply  annually  actual 
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potash  at  the  rate  of  105  pounds  per  acre  to  each  of  the 
plots.  All  plots  are  equally  manured,  and  liberally,  with 
materials  furnishing  nitrogen  and  phosphoric  acid. 

The  crops  which  have  been  grown  in  this  field  in  the  order 
of  their  succession  beginning  in  1898  have  been  as  fol- 
lows :  — 

1898.  Medium  Green  soy  beaus. 

1899.  Potatoes. 

1900.  Plots  1-8,  cabbage;  9-24,  Medium  Greeu  soy  beans;  25-40, 

cowpeas. 

1901.  1-8,  wheat;  9-40,  corn. 

1902.  Clover. 

1903.  Clover. 

1904.  1-16,  cabbage;  17-40,  corn. 

1905.  Soy  beans. 

1906.  Potatoes. 

The  results  last  year  with  the  soy  bean  seemed  rather 
inconclusive,  on  account  of  the  number  of  variations  due  to 
exceptional  conditions  not  necessarily  connected  with  the  vary- 
ing use  of  potash  salts.  In  brief,  it  may  be  stated  that  the 
plots  to  which  kainit  was  applied  gave  the  smallest  average 
crops  in  the  field,  the  yield  being  less  even  than  on  the 
no-potash  plots.  Carbonate  of  potash  gave  the  highest  aver- 
age yield,  followed  closely  by  high-grade  sulfate  and  silicate, 
while  the  yields  on  nitrate,  muriate  and  low-grade  sulfate 
were  not  much  inferior. 

The  crop  of  the  past  season  was  potatoes.  The  variety 
grown  was  the  Green  MoTintain,  the  seed  having  been  pur- 
chased in  Maine.  One  accidental  variation  must  here  be 
recorded,  viz.,  that  the  quantity  of  Green  Mountain  seed 
proved  to  be  slightly  less  than  was  needed,  so  that  it  was  neces- 
sary to  use  another  variety,  Carmen  No.  3,  also  from  Maine, 
on  one  of  the  plots  (40).  The  seed  potatoes  w^ere  treated 
with  formalin  at  the  rate  of  1  pint  to  15  gallons  of  w^ater 
in  the  usual  w^ay  on  May  7.  The  field  w^as  plowed  on  May  8. 
On  May  10,  2,427  pounds  of  freshly  slaked  lime  were  ap- 
plied. This  was  harrowed  in  on  May  11.  On  May  12,  fer- 
tilizers were  applied  and  li arrowed  in  on  the  same  day.  On 
the  same  date,  also,  one-half  the  plots,  four  series,  1-20,  w^ere 
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planted.  On  Maj  14,  tlic  balance  of  the  field  was  planted. 
The  crop  was  carefully  cared  for  throughout  the  entire  sea- 
son. The  vines  were  repeatedly  sprayed  with  Bordeaux 
mixture,  and  carefully  protected  from  bugs  by  the  customary 
measures.  Early  in  the  season  the  vines  on  the  no-potash 
plots  shoAved  a  marked  inferiority  in  growth.  They  were 
characterized  by  a  dark,  bluish-green  color.  The  vines  on 
the  plots  receiving  chlorides  in  any  form  showed  a  distinctly 
lighter  shade  of  green  (pea  green)  than  those  manured  with 
other  potash  salts.  The  vines  on  the  silicate  of  potash  plots 
were  very  dark  in  color,  and  somewhat  xesembled  in  general 
appearance,  though  much  larger  in  growth,  the  vines  on  the 
no-potash  plots. 

The  3'ields  per  plot  and  the  rates  of  yield  per  acre  are 
shown  in  the  following  table :  — 


Pounds  per  Plot. 

Bushels 

PER  Acre. 

Plots. 

Potash  Salt. 

Large. 

Small. 

Large. 

Small. 

1,  . 

No  potash,    . 

305.25 

106  ..50 

203.50 

71.00 

2,   .        . 

Kainit,  . 

424.75 

83.75 

283.16 

55.83 

3,   . 

High-grade  sulfate. 

428.50 

74.50 

285.66 

49.66 

4,    . 

Low-grade  sulfate, 

407.00 

65.00 

271.33 

43.33 

5,    . 

Muriate, 

439.75 

74.00 

293.16 

49.33 

6,    . 

Nitrate, 

412.75 

71.50 

275.16 

47.66 

7,   . 

Carbonate,  . 

374.25 

94.50 

249.50 

63.00 

8,    . 

Silicate, 

362.25 

63.75 

241.50 

42.50 

9,   . 

No  potash,    . 

280.25 

45.00 

1S6.83 

30.00 

10,   . 

Kainit,  . 

340.00 

47.00 

226.66 

31.33 

11,   . 

High-grade  sulfate, 

351.00 

49.00 

284.00 

32.66 

12,   . 

Low-grade  sulfate, 

360.25 

47.25 

240.66 

31.. 50 

13,   .       ,. 

Muriate, 

332.. 50 

53.00 

221.66 

35.33 

14,   . 

Nitrate, . 

350.75 

37.00 

235.50 

24.66 

15,   . 

Carbonate,    . 

313. .50 

76.00 

209.00 

50.66 

16,    . 

Silicate, 

337.75 

58.. 50 

225.16 

39.00 

17,   . 

No  potash,    . 

172.. 50 

44.50 

115.00 

29.66 

18,    . 

Kainit 

231.25 

33.25 

154.16 

22.66 

19,    . 

High-grade  sulfate,    . 

267.00 

38.00 

178.00 

25.33 

20,   . 

Low-grade  sulfate,     . 

247.50 

30.75 

166.66 

24.50 

21,    . 

Muriate, 

269.50 

40.00 

179.66 

26.66 

22,   . 

Nitrate 

241.50 

55.50 

161.00 

37.00 
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Pounds  per  Plot. 

Bushels 

PER  Acre. 

Plots. 

Potash  Salt. 

Large. 

Small. 

Large. 

Small. 

23,   . 

Carbonate,    .... 

•252.25 

81.25 

168.66 

54.16 

24,  . 

Silicate, 

235.25 

61.25 

156.83 

40.33 

25,   . 

No  potash,    . 

135.50 

50.50 

90.33 

33.66 

26,   . 

Kainit,  . 

2C4.75 

29.00 

176.50 

19.33 

27,  . 

Higb-gi'ade  sulfate. 

278.75 

35.50 

185.83 

23.66 

28,  .        . 

Low-grade  sulfate. 

330.25 

36.25 

220.16 

24.16 

29,   . 

Muriate, 

320.25 

47.50 

213.50 

31.66 

30,   . 

Nitrate, . 

285.75 

58.75 

190.50 

39.16 

31,  .       . 

Carbonate,    . 

335.00 

76.50 

223.33 

51.00 

32,  .        . 

Silicate, 

254.25 

74.25 

167.83 

49.50 

33,   . 

No  potash,    . 

167.00 

46.00 

111.33 

30.66 

34,   . 

Kainit,  . 

292.00 

39.00 

194.66 

26.00 

35,   .        . 

High-grade  sulfate. 

307.25 

41.00 

204.83 

27.33 

36,   . 

Low-grade  sulfate. 

310.00 

44.00 

206.66 

29.33 

37,  . 

Muriate, 

315.75 

73.00 

210.50 

48.66 

38,   , 

Nitrate, . 

321.75 

49.00 

214.50 

32.66 

39,   . 

Carbonate,    . 

298.25 

70.00 

198.83 

46.66 

40,   . 

SiUcate, 

312.00 

59.00 

208.00 

39.33 

The  average  yields  under  the  varying  fertilizer  treatments 
are  as  follows :  — 

Potatoes. — Average  Yields  jje?'  Acre  (Bushels). 


Potash  Salt. 


Large. 


Small. 


No  potash  (plots  1,  9, 17,  25,  33) ,  . 
Kainit  (plots  2, 10, 18,  26,  34) , 
High-grade  sulfate  (plots  3, 11, 19,  27,  35), 
Low-grade  sulfate  (plots  4, 12,  20,  28,  36), 
Muriate  (plotsS,  13,  21,  29,  37),    . 
Nitrate  (plots  6, 14,  22,  30,  38),     . 
Carbonate  (plots  7, 15,  23,  31,  39), 
Silicate  (plotsS,  16,  24,  32,  40),     . 


141.40 
207.03 
217.66 
221.09 
223.70 
215.33 
209.86 
199.86 


39.00 
31.03 
31.73 
30.56 
38.33 
36.23 
53.10 
42.13 


It  will  be  noticed  that  the  no-potash  plots  on  the  average 
give  a  yield  mneh  inferior  to  that  produced  on  the  plots 
receiving  potash.  The  best  average  yield  is  produced  by  the 
muriate,  l)iit  the  differences  between  the  yield  on  this  potash 
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salt  and  tlie  average  yield  proJuecd  by  the  low-grade  and 
high-grade  sulfate  and  the  nitrate  are  small.  Carbonate 
ranks  next,  followed  by  kainit  and  silicate.  The  past  season 
(Jnne  1  to  August  15)  was  characterized  by  rainfall  con- 
siderably below  the  average.  Previous  exjDeriments  have 
shown  that  in  such  seasons  muriate  of  potash  can  usually  be 
dej)ended  upon  to  give  crops  equal  to  those  produced  where 
the  sulfates  are  used.  Lime,  moreover,  is  known  to  offset 
in  a  measure  the  unfavorable  results  consequent  upon  con- 
tinued use  of  muriate;  and  the  entire  field,  as  stated,  was 
limed  this  season. 

We  are  unable  at  this  time  to  make  a  report  in  relation 
to  the  quality  of  the  tubers  produced  on  the  different  fertiliz- 
ers, but  the  different  lots  have  been  carefully  sampled,  and 
such  a  report  will  be  made  later. 

The  Effect  of  the  Liming.  —  Attention  is  called  to  the  fact 
that  in  using  lime  immediately  preceding  the  potato  crop  we 
departed  from  the  usually  accepted  rule.  Such  use  of  lime 
is  not  regarded  as  desirable  on  account  of  the  chances  that 
the  immediately  following  crop  of  potatoes  will  be  scabby. 
This  result  was  noted  upon  a  j^oi'tion  of  the  plots  in  this 
field,  principally  1  to  8.  The  amount  of  scab,  however,  was 
not  on  the  whole  serious. 

The  Relation  vf  the  Potash  to  Potato  Blight.  —  As  has 
been  stated  in  the  description  of  the  general  care  given  the 
crop,  the  potatoes  in  this  field  were  repeatedly  and  carefully 
sprayed  with  Bordeaux  mixture.  The  dates  of  the  succes- 
sive applications  were  as  follows:  June  27,  July  7,  August 
2-3,  August  10.  Early  in  August  it  was  noticed  that  the 
leaves  of  all  the  no-potash  potato  plants  were  beginning  to 
blight,  while  the  foliage  on  all  the  plots  to  which  potash  has 
been  annually  applied  still  appeared  to  be  practically  unaf- 
fected. The  blight  made  rapid  progress  on  each  of  the  five 
no-potash  plots,  while  the  foliage  of  the  vines  upon  all  the 
other  plots  for  the  most  part  ripened  normally.  Practically 
all  the  leaves  on  the  no-]3otash  plots  were  dead  by  the  end  of 
August,  at  which  date  there  was  still  considerable  living 
foliage  on  the  other  plots.  There  was  no  decay  of  the  tubers, 
however,  on  any  of  the  plots;  but  the  marked  inferiority  in 
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yield  on  the  no-potasli  plots  was  no  doubt  in  considerable 
measnre  due  to  the  relatively  early  death  of  the  foliage. 

Xo  explanation  can  be  offered  at  this  time  for  the  ob- 
served phenomena.  Earlier  observers,  among  them  Dr. 
Goessmann  and  Professor  Maynard,  have  held  that  a  liberal 
supply  of  j)otash  has  in  some  cases  exercised  a  marked  influ- 
ence in  enabling  the  foliage  of  frnits  to  resist  fungous  dis- 
eases. Some  European  investigators  have  attributed  a  sim- 
ilar effect  to  potash  in  connection  with  potato  diseases.  This 
matter  should  evidently  receive  further  and  most  careful 
study,  for,  if  potato  blight  can  be  in  a  measure  controlled 
through  more  liberal  use  of  potash  salts,  this  will  afford  a 
comparatively  easy  method  of  reducing  the  amount  of  injury 
due  to  the  fungi  attacking  the  foliage  of  this  important  crop. 

IV.  —  ISToETH  CoEN  Acre.  —  Special  Eeetilizee  v.  Eee- 

TILIZEE    EICHEE    IN    PoTASH. 

This  exj^eriment  was  begun  in  1891.  It  occupies  an  acre 
of  ground,  divided  into  four  equal  plots.  Plots  3  and  4 
were  sown  to  millet  during  the  first  two  years  of  the  experi- 
ment, but  with  this  exception  their  treatment  has  been  the 
same  as  that  of  plots  1  and  2,  3  being  a  duplicate  of  1,  and 
4  a  duplicate  of  2,  both  as  regards  fertilizer  application  and 
crops  produced.  During  the  jieriod  under  consideration  the 
entire  area  with  the  exception  noted  for  plots  3  and  4,  has  been 
in  corn,  with  the  exception  of  three  two-year  periods,  1897 
and  1898,  1899  and  1900,  and  the  past  two  years,  during 
which  periods  the  land  has  been  in  mixed  grass  and  clover. 
The  method  of  seeding  in  every  instance  has  been  by  sowing 
in  the  corn  of  the  year  preceding  the  first  of  each  of  the 
three  two-year  periods  during  which  hay  has  been  the  crop. 

The  object  in  this  ex])eriment  is  to  test  the  question  whether 
the  special  corn  fertilizers  offered  in  our  markets  are  of  such 
composition  as  seems  to  be  best  suited  for  the  production 
of  corn  and  mixed  hay  in  rotation.  Plots  1  and  3  have  yearly 
received  an  application  of  fertilizers  (a  home  mixture)  fur- 
nishing per  acre  the  same  amount  of  nitrogen,  phosphoric 
acid  and  potash  as  would  be  furnished  by  1,800  pounds  of 
fertilizer  having  the  com]>osition  of  the  average  of  the  spe- 
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cial  corn  fertilizers  analyzed  at  this  station.  Tliis  average 
changes  but  little  from  year  to  year,  and  in  1899,  since  which 
date  "\ve  have  made  no  change  in  the  kinds  and  amounts  of 
fertilizers  used,  it  was  as  follows :  — 


Nitrogen, 
riiosplioric  acid, 
rotash,     . 


Per  Cent. 

2.87 

10.00 

4.30 


The  averages  for  the  past  year  have  been:  nitrogen,  2.61 
per  cent. ;  phosphoric  acid,  11.55  per  cent. ;  and  potash,  4 
per  cent. 

The  fertilizers  which  have  been  used  on  plots  2  and  4  are 
substantially  the  same  in  amount  and  kind  as  were  recom- 
mended for  corn  in  Bulletin  No.  58  (Hatch).  The  essen- 
tial difference  in  the  fertilizer  mixtures  under  comparison 
is  that  the  mixture  used  on  plots  2  and  4  is  richer  in  potash 
and  much  poorer  in  phosphoric  acid  than  the  mixture  rep- 
resenting the  average  market  corn  fertilizers.  The  difference 
in  the  application  of  the  fertilizer  elements  is  shown  in  the 
following  table :  — 

Fertilizer  Elements  ap2:)lied  annually. 


Rates  pee  Acre  (Pounds). 


P2O5 


Plots  1  and  3, 
Plots  2  and  4, 


42.6 
47.0 


ISO 
50 


The  fertilizer  materials  applied  to  the  several  plots  annu- 
ally are  shown  below :  — 


Fertilizers  used. 


Nitrate  of  soda, 
Dried  blood, 
Dry  ground  flsh, 
Acid  pliosphate, 
Muriate  of  potash. 
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This  field  was  limed  in  1900  at  the  rate  of  1  ton  to  the 
acre. 

The  crop  of  the  j^ast  season  was  mixed  grass  and  clover, 
the  present  being  the  second  year  for  this  seeding.  The 
rates  of  yield  per  acre  on  the  several  plots  and  the  averages 
for  the  two  systems  of  mannring  are  shown  by  the  following 
tables : — 

Yields  per  Ac7^e  (^Pounds'). 


Rowen. 


Plot  1  (lesser  potash),  . 
Plot  2  (richer  in  potash) , 
Plot  3  (lesser  potash) ,  . 
Plot  4  (richer  in  potash), 


1,680 
1,480 
1,300 
2,020 


Average  Yields  per  Acre  {Tounds). 


Plots. 

Hay. 

Rowen. 

Plots  1  and  3  (lesser  potash) 

Plots  2  and  4  (richer  in  potash) , 

2,790 
2, .360 

1,490 
1,7.10 

It  will  be  noticed  that  the  combination  of  fertilizers  rejD- 
resenting  the  sj^ecial  corn  fertilizer  gives  an  average  yield 
of  hay  at  the  rate  of  430  pounds  per  acre  heavier  than  that 
prodnced  where  the  combination  of  fertilizer  materials  richer 
in  potash  was  nsed.  On  the  other  hand  tlie  latter  combina- 
tion of  fertilizer  materials  gives  a  yield  of  rowen  averaging 
260  ponnds  j)er  acre  greater  than  the  special  corn  fertilizer. 
The  total  cro^DS,  then,  prodnced  nnder  the  tw^o  systems  of 
fertilizing,  are  not  far  from  equal  for  the  past  year. 

Since  this  experiment  was  begnn,  this  land  has  prodnced 
on  plots  1  and  2,  ten  corn  crops ;  on  plots  3  and  4,  eight  corn 
crops.  The  average  yields  per  plot  and  the  averages  for 
the  two  systems  of  fertilizing  are  shown  in  the  following 
tables : — 
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Average   Yields  of  Corn  2icr  Acre. 


Plots. 

Corn 
(Bushels). 

Stover 
(Pounds). 

Ten  Years. 
Plot  1  (lesser  potash) 

Plot  2  (richer  in  potash), 

Eight  Years. 
Plot  3  (lesser  potash) , 

Plot  4  (richer  in  potash) 

56.77 
51.98 

55.18 
52.99 

4,.'-.96 
4,G40 

4,371 
4,590 

Average   Yields  jper  Acre  on  the  Two  Systems  of  Fertilizing . 


Plots. 

Corn 
(Bushels). 

Stover 
(Pounds) . 

Plots  1  and  3  (lesser  potash), 

Plots  2  and  4  (richer  in  potash) 

.55.98 
.52.48 

4,484 
4,615 

During  the  period  of  tliis  experiment  the  entire  field  has 
j)roduced  six  crops  each  of  hay  and  rowen.  The  averages 
for  each  plot  and  the  averages  for  the  two  systems  of  fer- 
tilizing; are  shown  in  the  following  tables :  — 


Average  Yields  x>er  Acre  of  Hag  and  Rowen,  Six  Years  (Pounds) . 


Plots. 

Hay. 

Rowen. 

Plot  1  (lesser  potash) 

Plot  2  (richer  in  potash), 

Plot  3  (lesser  potash), 

Plot  4  (richer  in  potash), 

3,6,55 
3,785 
3,4.59 
3,607 

1,100 
1,176 

885 
1,203 

Average  Yields  per  Acre  on  the  Two  Systems  of  Fertilizing,  Six  Years 

(Pounds') . 


Plots.                                                            Hay. 

Rowen. 

Plots  1  and  3  (lesser  potash), 

Plots  2  and  4  (richer  in  potash), 

3,557 
3,696 

993 
1,153 

It  will  be  noticed  that  the  average  crop  of  corn  has  been 
somewhat  heavier,  while  the  average  crop  of  hay  is  slightly 
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less,  on  the  combination  of  materials  representing  the  spe- 
cial corn  fertilizer.  The  crops  of  corn  stover  and  of  rowen 
have  been  greater  on  the  combination  of  materials  furnish- 
ino-  more  potash.  This  is  in  accordance  with  what  is  to  be 
expected,  as  the  potash  is  found  almost  invariably  to  favor 
a  large  proportion  of  clover  in  mixed  mowings,  and  as  it  has 
been  shown  in  the  resnlts  of  many  experiments  in  this  State 
that  stover  is  increased  in  larger  proportion  through  appli- 
cation of  potash  than  is  the  grain. ^ 

At  the  prices  which  have  prevailed  during  the  period  of 
the  experiment,  the  cost  per  acre  of  the  fertilizers  used  on 
plots  2  and  4  has  averaged  about  $5  less  than  the  cost  of  the 
materials  used  on  plots  1  and  3.  Taking  the  crops  as  a 
whole,  thej  have  been  substantially  equal  under  the  two 
systems  of  fertilizing ;  and  the  advantage,  therefore,  is  clearly 
with  the  fertilizer  combination  richer  in  potash,  unless  it 
can  be  shown  that  the  condition  of  the  soil  upon  plots  2  and 
4  is  now  inferior  to  that  of  the  soil  on  plots  1  and  3.  Such 
inferiority  is  not  indicated  by  the  present  relative  yields. 
Neither  does  a  study  of  the  income  and  outgo  from  the  soil 
of  fertilizer  elements  upon  the  several  plots  point  in  that 
direction.  Calculations  made  at  the  close  of  1905  to  de- 
termine the  fertilizer  ingredients  supplied  and  removed  from 
the  several  plots  gave  the  following  results :  — 


Fertilizer  Ingredients. 

Plots. 

SUPPLIED. 

REMOVED. 

N 

P2O5 

K2O 

N 

P2O5 

KoO 

Plot  1  (lesser  potash) 

135.10 

537.94 

216.00 

331.08 

117.74 

228.46 

Plot  2  (richer  in  potash) ,       ,        .        . 

117.55 

217.63 

470.00 

322.44 

114.32 

229.79 

Plot  3  (lesser  potash) 

135.10 

.537.94 

216.00 

259. .52 

93.87 

180.26 

Plot  4  (richer  in  potash) ,       .       .       . 

117. .55 

217.63 

470.00 

307.38 

109.97 

2.34.27 

A  study  of  the  figures  of  the  above  table  indicates  that 
on  every  plot  a  much  larger  quantity  of  nitrogen  has  been 
removed  from  the  soil  than  has  been  supplied  in  the  fer- 


tilizers used. 


Tlie  large  excess  of  nitrogen  removed  can  be 
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accounted  for  only  as  a  result  of  the  fre(iuent  introduction 
of  clover  in  the  rotation. 

It  will  be  noticed  that  on  plots  1  and  3  phosphoric  acid 
has  been  applied  in  the  fertilizers  used  in  quantity  on  the 
average  more  than  five  times  greater  than  the  quantity  re- 
moved. Even  on  plots  2  and  4  phosphoric  acid  has  been  sup- 
plied in  quantity  practically  double  that  removed. 

Potash  on  one  of  the  plots  (1  and  3)  has  been  supplied  in 
slightly  larger  quantity  than  removed,  while  on  the  other 
plot  the  quantity  removed  is  slightly  in  excess  of  the  quan- 
tity supplied. 

On  the  average,  the  condition  of  the  soil  as  regards  this 
element  on  plots  1  and  3  cannot  be  materially  different  from 
what  it  was  at  the  beginning  of  the  experiment.  On  plots 
2  and  4,  on  the  other  hand,  potash  has  been  supplied  in  quan- 
tity a  little  more  than  double  that  removed. 

V.  —  South   Corn   Acee.  —  Manure   Alone   v.   Manure 

AND  Potash. 

The  object  in  view  in  this  experiment  is  to  compare  the 
crop-producing  capacity  of  manure  alone  applied  in  fairly 
liberal  amounts  with  a  combination  of  a  lesser  amount  of 
manure  and  a  moderate  quantity  of  a  potash  salt.  An  acre 
of  land  is  used  in  the  experiment.  It  is  divided  into  four 
plots,  of  one-quarter  acre  each.  Two  of  the  plots  (1  and  3) 
have  received  applications  of  manure  only ;  the  other  two 
plots  (2  and  4)  have  been  fertilized  by  applications  of  lesser 
amounts  of  manure,  together  with  a  potash  salt. 

This  experiment  was  begun  in  1891.  The  crop  for  the  first 
six  years  was  corn.  Corn  was  raised  also  in  1899  and  1900, 
and  in  1903  and  1904.  The  field  has  been  put  into  mixed 
grass  and  clover  three  times,  being  seeded  in  the  summer 
preceding  the  first  year  of  cutting  in  the  corn  crop.  Each 
time  that  the  land  has  been  seeded  it  has  been  cut  twice 
annually  for  two  years.  The  sod  has  then  been  broken  in 
the  fall  for  the  corn  crop  of  the  following  year.  The  years 
when  the  field  has  been  in  momng  are  1898  and  1899,  1901 
and  1902,  and  1905  and  1906. 

Manure  has  been  applied  to  plots  1  and  3  every  year,  at 
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the  rate  of  6  cords  per  acre,  with  the  following  exceptions. 
No  manure  was  applied  in  1897,  1902  and  1905,  and  in 
1898  the  amount  applied  was  at  the  rate  of  4  cords  per  acre. 
The  reason  for  the  omission  of  manure  in  the  years  men- 
tioned and  for  the  smaller  amount  in  1898  was  that  experi- 
ence indicated  that  its  application  would  cause  the  grass  and 
clover  to  lodge  badly. 

Manure  has  been  applied  to  plots  2  and  4  as  follows:  in 
1891  and  1892,  at  the  rate  of  3  cords  per  acre;  in  1898,  at 
the  rate  of  2  cords  per  acre;  while  in  1897,  1902  and  1905 
no  manure  was  applied.  In  all  other  years  the  applica- 
tion has  been  at  the  rate  of  4  cords  per  acre.  Potash  has 
been  applied  to  plots  2  and  4  at  the  rate  of  160  pounds  per 
acre  of  high-grade  sulfate  annually,  except  in  the  years  Avhen 
no  manure  was  api^lied.  In  these  years  the  potash  also  was 
withheld. 

Tlie  entire  field  was  limed  in  1900,  at  the  rate  of  1  ton 
per  acre.  The  manure  applied  has  been  that  made  by  well-fed 
milch  cows,  and  carefully  preserved.  It  has  usually  ^veighed 
about  3  tons  per  cord.  Both  manure  and  fertilizer  have  been 
applied  broadcast  after  plowing,  and  harrowed  in. 

The  crop  of  the  past  season  was  mixed  grass  and  clover, 
this  being  the  second  year,  as  above  indicated.  The  manure 
w^as  applied  with  a  spreader  on  May  2.  The  high-grade  sul- 
fate was  applied  broadcast  by  hand,  and  this  year,  by  mis- 
take, it  was  applied  to  plots  1  and  3  as  well  as  to  plots  2 
and  4. 

The  following  tables  show  the  rates  of  yield  on  the  several 
plots  and  the  averages  under  the  two  systems  of  manuring :  — 


Yields  Per  Acre,  1906  (^Pounds). 


Hay. 


Rowen. 


Plot  1  (nianure  alone) ,  . 
Plot  2  (niaiuirc  and  potash), 
Plot  3  (manure  alone),   . 
Plot  4  (manure  and  potash) , 


3,880 

2,640 

3,200 

2,384 

3,.592 

2,396 

3,180 

2,416 
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Average  Yields  j)cr  Acre  (Poundsy 


Plots. 

Hay. 

Rowen. 

Plots  lands  (manure  alone), 

Plots  2  and  4  (manure  and  potash) , 

3,736 
3,190 

2,518 
2,400 

It  will  be  noticed  tliat  the  hay  crop  on  the  combination  of 
mannre  and  potash  is  less  than  on  the  larger  quantity  of 
manure  alone  in  both  cases,  the  average  difference  being  at 
the  rate  of  646  pounds  per  acre.  The  rowen  crops  are  more 
nearly  equal,  the  average  difference  amounting  to  only  118 
pounds  per  acre  in  favor  of  the  larger  application  of  manure. 
The  heavier  application  of  manure  means,  of  course,  a  larger 
application  of  nitrogen.  It  is  not  surprising,  therefore,  that 
the  first  crop,  which  includes  a  considerable  proportion  of 
timothy  and  redtop,  is  heavier  where  the  manure  is  most 
largely  used.  The  rowen  crop  is  made  up  in  much  larger 
proportion  of  clover,  and  the  proportion  of  clover  is  greater 
where  the  lesser  quantity  of  manure  and  the  potash  salt  are 
applied.  Estimating  the  manure  to  cost  on  the  land  $5  per 
cord  and  the  high-grade  sulfate  of  potash  at  the  market 
rates,  the  usual  annual  difference  in  cost  of  materials  ap- 
plied has  amounted  to  about  $6  to  $6.50  per  acre,  the  lesser 
amount  of  manure  and  potash  costing  about  that  amount  less 
than  the  larger  application  of  manure. 

This  experiment  has  now  continued  sixteen  years.  Dur- 
ing this  time  ten  corn  crops  have  been  raised.  The  average 
yields  j)er  plot  and  the  averages  for  the  two  systems  of 
manuring  are  shown  in  the  following  tables :  — 


Average   Yields  per  Acre. 


Plots. 


Corn 
(Bushels) . 


Stover 
(Pounds) . 


Plot  1  (manure  alone),    . 
Plot  2  (manure  and  potash) , 
Plot  3  (manure  alone) ,   . 
Plot  4  (manure  and  potash) , 


62.33 
58.48 
61.29 
57  54 


4,929 
4,579 
4,293 
4,104 
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Average  Yidds  per  Acre  on  /he  Tiro  S>/s(cms  of  Manuring,  Ten  Crops. 


Plots. 

Corn                     Stover 
(Bushels) .             (Pounds) . 

Plots  1  and  3  (manure  alone) , 

Plots  2  and  4  (manure  and  potasli), 

G1.81 

58.01 

4,611 
4,34-2 

It  will  be  noticed  that  the  average  yield  on  plots  2  and  -4 
(lesser  manure  and  potash)  has  been  at  the  rate  of  about  3.8 
bushels  per  acre  less  than  on  the  larger  quantity  of  manure 
alone. 

During  six  years  the  experimental  acre  has  been  in  mixed 
grass  and  clover.  The  following  tables  show  the  average 
results  per  plot  and  the  averages  for  the  two  systems  of 
manuring :  — 


Average  YieUU  per  Acre  of  ILtg  Crop,  Six  Years  (Pounds). 


Plots. 

Hay. 

Rowen. 

Plot  1  (manure  alone), 

Plot -2  (manure  and  potash), 

Plot  3  (manure  alone) _     . 

Plot  4  (manure  and  potasb) 

5,197 
4,370 
4,970 
4,9-23 

2,569 
2,103 
2,546 
2,415 

Average  Yields  per  Acre  on  the   Tn-o  Sgstevis  of  Manuring,  Six  Years 

{Pounds). 


Plots. 

Hay. 

Rowen. 

Plots  lands  (manure  alone), 

Plots  2  and  4  (manure  and  pota  sli) 

5,084 
4,647 

2,.5.58 
2,259 

It  will  be  noticed  that  the  average  difference  against  the 
lesser  quantity  of  manure  and  potash  amounts  to  a  little 
more  than  400  pounds  of  hay  and  slightly  less  than  300 
pounds  of  rowen  per  acre  annually. 

The  differences  indicated  by  the  averages  shown  in  the 
above  tables,  whether  for  corn  or  hay,  are  not  sufficient  to 
offset  the  greater  cost  of  the  heavier  application  of  manure. 
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At  the  end  of  last  year,  calculations  based  in  part  upon 
analyses,  and  in  part  upon  average  ligurcvs  for  the  composi- 
tion of  the  crops  raised,  gave  results  presented  in  the  follow- 
ing tables  for  the  totals  of  plant  food  applied  and  removed 
in  the  several  plots :  — 


Fertilizer  Ingredients. 

Plots. 

SUPPLIED.                   1 

removed. 

N 

P2O5 

K2O 

N 

P2O5 

K2O 

Plot  1  (manure  alone),    .       .       .       . 
Plot  2  (manui-e  and  potash), 
Plots  (manure  alone),    .       .       .       . 
Plot  4  (mamire  and  potash), 

425.41 
291.09 
449.96 
281.10 

330.69 
229.98 
330.94 
233.37 

511.51 
543.68 
500.76 
549.56 

394.07 
361.22 
373.34 
355.02 

138.74 
127.91 
132.10 
126.26 

282.60 
256.64 
262.21 
250.82 

It  will  be  noticed  that  on  plots  1  and  3  the  amounts  of 
nitrogen  applied  in  the  manure  show  a  moderate  excess 
above  the  amount  removed  in  the  crops.  On  the  other  hand, 
the  application  of  nitrogen  to  plots  2  and  4  (lesser  manure 
and  potash)  is  materially  less  than  the  amount  removed. 
This  result  may  have  been  rendered  possible  in  one  of  two 
ways :  first,  the  soil  on  these  plots  may  have  been  depleted  in 
part  of  its  original  store  of  nitrogen ;  second,  the  excess  may 
have  been  taken  from  the  air  by  the  clover  in  the  mixed  hay 
crops  grown  during  six  of  the  sixteen  years.  As  these  plots 
show  no  indication  of  declining  fertility,  but,  on  the  con- 
trary, appear  on  the  whole  to  be  improving  from  year  to 
year,  the  latter  is  with  little  doubt  the  correct  explanation. 

It  will  be  noticed  that  under  both  systems  of  manuring 
we  have  applied  phosphoric  acid  and  potash  in  large  excess 
above  the  amounts  removed.  In  the  case  of  plots  1  and  3, 
phosphoric  acid  has  been  applied  in  approximately  two  and 
one-half  times  the  quantity  removed ;  potash,  in  rather  less 
than  twice  the  quantity  removed.  In  the  case  of  plots  2  and 
4,  phosphoric  acid  has  been  applied  in  considerably  less  than 
twice  the  quantities  removed ;  potash,  in  rather  more  than 
twice  the  quantities  removed.  In  view  of  the  fact  that  nei- 
ther phosphoric  acid  nor  potash  is  supposed  to  be  lost  to  the 
soil  to  any  considerable  extent  by  leaching,  the  condition 
of  the  soil  on  all  the  plots  as  regards  the  stock  of  phosphoric 
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acid  and  potash  in  available  form  must  now  be  considerably 
better  than  at  the  beginning  of  the  experiment;  and  there 
can  be  little  doubt  that  a  lesser  application  of  these  fertilizer 
elements  in  the  immediate  future  will  prove  suificient  to  give 
satisfactory  crops. 

VL  —  Comparison  of  Phosphates  on  the  Basis  of  Equal 
Application  of  Phosphoric  Acid. 
The  past  season  is  the  tenth  of  this  experiment,  the  object 
of  which  is  to  determine,  as  measured  by  crop  production, 
the  relative  availability  of  different  materials  which  may  be 
used  as  sources  of  phosphoric  acid.  All  these  materials  have 
from  the  first  been  applied  in  such  quantities  as  to  furnish 
phosphoric  acid  at  the  rate  of  96  pounds  per  acre  in  the  case 
of  each  of  the  materials  under  comparison.  The  field  com- 
j^rises  thirteen  plots,  each  containing  one-eighth  of  an  acre. 
Three  of  the  plots  have  received  no  phosphoric  acid  since 
the  experiment  began.  One  of  these  is  located  at  either  end 
of  the  field,  the  third  in  the  middle.  The  phosphates  under 
comparison  are  the  following:  apatite  (fine  ground).  South 
Carolina  rock  phosphate  (fine  ground),  Florida  soft  phos- 
phate, basic  slag  meal,  Tennessee  rock  phosphate  (fine 
ground),  dissolved  bone  black,  raw  bone  meal,  dissolved  bone 
meal,  steamed  bone  meal  and  acid  phosphate.  Materials  sup- 
plying nitrogen  and  potash  liberally  are  applied  to  each  of 
the  plots  annually,  and  in  such  quantities  as  to  furnish  nitro- 
gen at  the  rate  of  52  pounds  and  potash  at  the  rate  of  152 
pounds  per  acre.  In  the  case  of  a  few  crops  requiring  espe- 
cially high  manuring  (onions  and  cabbages),  a  supplementary 
application  of  quick-acting  nitrogen  fertilizers  has  been  made 
to  all  plots  alike.  Owing  to  the  impossibility  of  procuring 
the  material,  no  apatite  was  applied  to  plot  2  during  the  past 
season.  The  crops  which  have  been  gro^vn  in  the  field  during 
the  progress  of  the  experiment  are  as  follows :  corn,  cab- 
bages, corn,  in  1900  two  crops,  —  oats  and  Hungarian  grass 
(both  for  hay),  onions,  onions,  cabbages,  and  mixed  grass 
and  clover.  The  field  was  seeded  in  the  spring  of  1905  with- 
out a  nurse  crop.  It  was  cut  twice  during  the  season,  but 
the  i)rodiict,   largely  mixed  with  weeds,   was   not  weighed. 
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During  the  past  season  the  field  has  been  cut  twice  and  the 
product  made  into  hay.  The  following  table  gives  the  yield 
per  plot,  the  rates  of  yield  per  acre,  and  the  gain  or  loss  as 
compared  with  the  no-phosphate  plots,  both  for  the  hay  and 
rowen :  — 


Plots. 

Fertilizers  used. 

Yield  per  Plot 
(Pounds). 

Yield  per  Acre 
(Pounds). 

Gain  or  Loss 
(Pounds). 

Hay. 

Rowen. 

Hay. 

Rowen. 

Hay. 

Rowen. 

Plot    1,  . 

No  phosphate, 

825 

225 

6,600 

1,800 

- 

- 

Plot    2,  . 

Apatite 

940 

215 

7,520 

1,720 

800 

-147 

Plot    3,  . 
Plot    4,  . 

South  Carolina  rock  phos- 
phate. 
Florida  soft  phosphate,    . 

930 
950 

202 
188 

7,440 
7,600 

1,016 
1,504 

720 
880 

—  251 

—  363 

Plot   5,  . 

Phosphatic  slag. 

950 

200 

7,600 

1,600 

880 

—  267 

Plot    6,  . 

Tennessee  phosphate. 

890 

203 

7,120 

1,624 

400 

—  243 

Plot   7,  . 

No  phosphate,     . 

875 

275 

7,000 

2,200 

- 

- 

Plot   8,  . 

Dissolved  bone  black, 

870 

280 

6,960 

2,240 

240 

+  373 

Plot    9,  . 

Raw  bone,    .... 

890 

250 

7,120 

2,000 

400 

+  133 

Plot  10,  . 

Dissolved  bone  meal. 

940 

319 

7,520 

2,552 

800 

+  685 

Plot  11,  . 

Steamed  bone  meal,  . 

890 

283 

7,120 

2,264 

400 

+  397 

Plot  12,  . 

Acid  phosphate, 

8a5 

290 

7,080 

2,320 

360 

+  4.53 

Plot  13,  . 

No  phosphate,     . 

820 

200 

6,560 

1,600 

- 

- 

It  will  be  noticed  that  both  the  first  and  second  crops  of 
hay  were  heavy,  the  first  especially  so.  This  crop  had  lodged 
considerably  before  it  could  be  cut,  and  there  is  little  doubt 
that  the  possible  increase  due  to  the  fertilizers  was  some- 
what diminished  through  the  check  in  growth  consequent 
upon  the  badly  lodged  condition.  We  do  not  find  the  appli- 
cation of  the  phosphates  to  have  apparently  influenced  the 
yield  either  of  hay  or  rowen  to  a  very  large  extent.  The 
results  are  in  harmony  with  previous  observations  upon  our 
soils,  which  have  indicated  them  to  require  relatively  small 
applications  of  phosphates  for  all  crops  except  those  belong- 
ing to  the  Cruciferse,  such  as  cabbages  and  turnips.  In  1903, 
when  this  entire  field  was  planted  to  cabbages,  the  yields 
wherever  phosphates  were  annually  applied  greatly  exceeded 
the  average  yield  on  the  no-phosphate  plots.  The  range 
on  the  several  phosphate  plots  was  from  about  two  to  five  times 
the  average  product  of  the  no-phosphate  plots.     This  year, 
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vnth  a  mixed  crop,  grass  and  clover,  representing  Gramineae 
and  Legiiminosse,  the  largest  increase  on  any  phosphate  is 
only  about  17  per  cent.  In  other  words,  when  cabbages  were 
the  crop,  the  increase  w^s  in  some  instances  as  great  as  500 
per  cent.,  or  nearly  thirty  times  as  great  as  this  year. 

VII.  — Soil  Tests. 
Two  soil  tests  have  been  carried  out  during  the  past  year, 
both  in  continuation  of  previous  tests  upon  the  same  fields. 
In  these  tests  fertilizers  have  been  applied  in  accordance 
with  the  co-operative  plan  for  soil  tests.  Each  plot  annu- 
ally receives  an  application  of  the  same  kind  or  kinds  of 
fertilizers,  and  usually  in  the  same  amounts  for  each  of  the 
plots  from  year  to  year.  Particular  attention  is  called  to 
the  fact  that  this  system  of  fertilization  is  not  expected  to 
secure  the  production  of  heavy  crops.  It  does  throw  impor- 
tant light  upon  the  specific  effects  of  the  different  leading 
elements  of  plant  food  by  themselves  and  in  combination  on 
the  crops  which  are  grown  in  succeeding  years.  Every  fer- 
tilizer used,  whether  applied  by  itself  or  in  connection  with 
one  or  both  of  the  other  fertilizer  materials,  is  always  applied 
in  the  same  quantities ;  and  both  fertilizers  and  manure, 
when  the  latter  is  introduced  for  purposes  of  comparison,  are 
always  applied  broadcast  after  plowing,  and  harrowed  in 
when  a  hoed  crop  is  to  be  grown.  When  mixed  hay  is  the 
crop  the  materials  are  applied  broadcast,  and  must  of  course 
be  left  on  the  surface.  The  kinds  of  fertilizers  and  the  rates 
per  acre  are  as  follows :  — 

Nitrate  of  soda,  160  pounds,  furnishing  nitrogen. 

Dissolved  bone  black,  320  pounds,  furnishing  phosphoric  acid. 

Muriate  of  potash,  160  pounds,  furnishmg  potash. 

Land  plaster,  400  pounds. 

Lime,  800  pounds. 

Manure,  5  cords. 

The  germination  of  the  soy  beans  on  the  north  acre  was 
very  irregular.  The  stand  of  plants  as  a  consequence  was 
so  uneven  that  the  results  do  not  indicate  with  any  clearness 
the  effect  of  the  different  fertilizers.  The  figures  will  not, 
therefore,  be  reported  in  detail.     The  results,  however,  clearly 
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indicated  the  beneficial  results  wliieli  have  followed  the  use 
of  lime  in  connection  with  the  other  fertilizers. 

Soil  Test  ivith  Corn  (Soutli  Acre).  —  This  acre  has  been 
used  in  soil  tests  for  eighteen  years,  beginning  in  1889. 
The  field  has  been  limed  twice  during  this  period,  each  time 
at  the  rate  of  1  ton  to  the  acre.  The  lime  was  applied  broad- 
cast after  plo^ying,  and  harrowed  in.  These  applications  of 
lime  were  made  respectively  in  1899  and  in  1904. 

The  crops  for  successive  years  have  been  as  follows:  corn, 
corn,  oats,  grass  and  clover,  grass  and  clover,  corn  (followed 
by  mustard  as  a  catch  crop),  rye,  soy  beans,  white  mustard, 
corn,  corn,  grass  and  clover,  grass  and  clover,  corn,  corn,  corn, 
grass  and  clover,  grass  and  clover.  Since  1899  this  field 
has,  therefore,  borne  eight  corn  crops.  Three  times  it  has 
been  put  into  mixed  grass  and  clover,  each  time  for  two 
years.  The  past  season  is  the  second  of  the  third  two-year 
period.  The  season  has  been  a  fairly  favorable  one  for  grass, 
although,  as  the  soil  of  this  field  is  inclined  to  be  light,  there 
can  be  no  doubt  that  a  somewhat  heavier  yield  would  have 
been  obtained  had  the  rainfall  been  larger.  The  following 
table  shows  the  fertilizers  used  on  the  several  plots,  the  rates 
of  yield  and  the  gain  or  loss  per  acre,  compared  with  the 
nothing  plots :  — 

Grass  and  Clover.  —  South  Acre  Soil  Test,  1906. 


Plot 
Plot 
Plot 
Plot 
Plot 
Plot  6, 
Plot  7, 
Plot    8, 

Plot  9, 
Plot  10, 

Plot  11, 

Plot  12, 
Plot  13, 
Plot  14, 


Fertilizers  used. 


Nitrate  of  soda , 

Dissolved  bone  black, 

Nothing 

Muriate  of  potasb 

Lime, 

Nothing 

Manure 

Nitrate  of  soda  and  dissolved  bone 

black. 
Nothing, 

Nitrate  of  soda  and  muriate  of  pot- 
ash. 

Dissolved  bone  black  and  muriate 
of  potash. 

Nothing, 

Plaster, 

Nitrate  of  soda,  dissolved  bone 
black  and  muriate  of  potash. 


Yield  per  Acre 
(Pounds). 


Hay.     Rowen. 


1,400 
760 
910 
690 
890 
660 
2,940 
2,200 

820 
2,400 

1,790 

950 

640 

3,000 


520 
295 
300 
440 
260 
325 
2,670 
520 

390 
470 

1,220 

410 

320 

1,100 


Gain  or  Loss  per  Acre, 

COMPARED   with 

Nothing  Plots. 


Hay. 


+  490.0 

—  150.0 

—  136.7 

+  146.7 

+  2,226.7 
+  1,433.3 

+  1,536.7 
+  883.3 

—  310.0 
+  2,050.0 


Rowen. 


+  220.00 
—  5.00 

+  131.70 

—  56.70 

+  2,323.30 
+  151.70 

+  73.33 
+  816.70 

—  90.00 
+  1,690.00 
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It  will  be  noticed  tliat  the  yield  on  all  the  nothing  plots 
is  extremely  small,  —  considerably  less  than  one-half  ton 
per  acre.  It  will  be  noticed,  further,  that  neither  lime  nor 
plaster  used  by  itself  produced  an  increase ;  indeed,  the  yield 
on  both  is  lower  than  the  average  yield  of  the  nothing  plots. 
Nitrate  of  soda  by  itself  produces  a  very  small  increase;  in 
combination  with  either  of  the  other  fertilizer  elements  the 
increase  is  much  larger,  but  it  is  best,  as  would  naturally  be 
expected,  in  combination  with  both  the  other  fertilizer  ele- 
ments. It  will  be  noted  that  the  use  in  combination  of  dis- 
solved bone  black  and  muriate  of  potash  gives  a  considera- 
ble increase  in  the  crop.  This  increase  shows  itself  almost 
as  plainly  in  the  rowen  as  in  the  first  crop,  as  a  consequence, 
of  course,  of  the  relatively  large  proportion  of  clover  which 
follows  continuous  use  of  materials  supplying  phosphoric 
acid  and  j^otash  without  nitrogen.  The  average  results  ob- 
tained in  the  six  years  during  which  this  field  has  been  in 
hay  will  be  of  interest.  They  are  shown  in  the  following 
table :  — 

Average  Increases  in  Six  Hay  and  Roivcn  CrojJS. 


Averages 

of 
Nothings. 

Nitrate. 

Bone  Black. 

Muriate. 

Lime. 

Manure. 

Hay, 

Rowen,       .... 

ai3.8 
604.4 

722.5 
743.3 

—  100.0 

+  52.5 

152.6 
632.0 

120.0 

108.8 

2,.579.2 
2,357.2 

Totals, 

l,4.'i8.1 

1,465.8 

—  47.5 

784.5 

228.8 

4,936.4 

Average  Increases  i?i  Six  Hay  and  Roiven  Croj^s  —  Concluded. 


Nitrate 

and 

Bone  Black. 

Nitrate 

and 
Muriate. 

Bone  Black 

and 

Muriate. 

Plaster. 

Nitrate, 

Bone  Black 

and 

Muriate. 

Hay, 

Rowen,       .... 

1,183.3 
430.3 

1,474.2 

565.5 

1,113.3 
9.52.8 

—  275.5 

—  221.8 

2,092.5 

S78.3 

Totals, 

1,513.6 

2,039.7 

2,066.2 

—  497.2 

2,970.8 

This  tabic  affords  conclusive  evidence  that  hay  can  be 
grown  at  a  profit  on  fertilizers  alone,  although  naturally  the 
increases  produced  by  the  very  moderate  applications  of  fer- 
tilizers used  in  this  experiment  arc  not  equal  to  those  pro- 
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duced  by  the  annual  application  of  manure.  The  latter, 
however,  at  $5  per  cord  on  the  land  costs  annually  at  the 
rate  of  $25  per  acre;  the  combination  of  dissolved  bone  black 
and  muriate  of  potash  costs  annually  at  the  rate  of  about  $6 
per  acre;  while  the  annual  application  of  all  three  fertilizer 
elements  costs  at  the  rate  of  about  $10  to  $11  per  acre. 

VIII.  —  Experiment  in  Manuring  Grass  Land. 
The  plan  of  this  experiment,  which  was  begun  in  1893,  is 
fully  outlined  in  the  sixteenth  annual  report.     From  that 
report  I  quote :  — 

In  this  experiment,  which  has  continued  since  1893,  the  purpose 
is  to  test  a  system  of  using  manures  in  rotation  for  the  production 
of  grass.  The  area  used  in  the  experiment  is  about  9  acres.  It  is 
divided  into  three  approximately  equal  plots.  The  plan  is  to  apply 
to  each  plot  one  year  barnyard  manure,  the  next  year  wood  ashes, 
and  the  third  year,  fine-ground  bone  and  muriate  of  potash.  As  we 
have  three  plots,  the  system  of  manuring  has  been  so  arranged  that 
every  year  we  have  a  plot  illustrating  the  results  of  each  of  the  ap- 
plications under  trial.  The  rates  at  which  the  several  manures  are 
employed  are  as  follows :  barnyard  manure,  S  tons ;  wood  ashes,  1 
ton;  ground  bone,  600  pounds;  and  muriate  of  potash,  200  pounds, 
per  acre.  The  manure  is  always  applied  in  the  fall;  ashes  and  the 
bone  and  potash  in  early  spring. 

The  past  season,  w^hich  showed  a  considerable  deficiency 
in  rainfall  during  the  months  when  a  liberal  supply  of  mois- 
ture is  highly  important  for  the  hay  crop,  was  unfavorable 
to  large  yields,  and  the  product  of  the  past  season  falls  con- 
siderably below  the  average  product  for  the  period  of  the 
experiment.  The  yields  of  hay  and  rowen  and  the  total 
yields  for  each  system  of  manuring  were  at  the  following 
rates  per  acre :  — 


Fertilizees  used. 


Barnyard  manure, 
Bone  and  potash,  . 
Wood  ashes,  . 


Hay 
(Pounds). 


2,892 
2,420 
2,932 


Rowen 
(Pounds) . 

1,063 
1,396 
1,240 


Total 
(Pounds). 

3,955 
3,816 
4,172 
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The  average  for  the  entire  area  this  year  was  4,002  pounds. 
The  average  yield  of  the  entire  area  from  1893  to  1905,  in- 
clusive, was  6,572  pounds.  Including  the  crop  of  the  past 
season,  the  average  for  the  entire  period,  1893  to  the  present 
time,  is  6,389  pounds.  The  average  yields  to  date  under  the 
different  systems  of  top-dressing  have  been  as  follows :  — 

Pounds  per  Acre. 

When  top-dressed  with  manure,        .         .         .         .        6,658 
When  to2>dressed  with  wood  ashes,  .  .  .        6,059 

When  top-dressed  with  bone  and  potash,  .  .  .        6,331 

IX.  —  Experiment  in  the  Application  of  Manuke. 

This  experiment  was  j^lanned  to  be  continued  through  a 
series  of  years,  with  a  view  to  throwing  light  upon  the  ques- 
tion as  to  the  best  method  of  handling  farm  manures.  The 
field  in  use  has  an  area  of  a  little  less  than  three  acres,  and 
slopes  moderately  to  the  west.  It  had  been  divided  into  five 
plots  a  number  of  years  previous  to  the  beginning  of  this 
experiment,  for  the  comparison  of  different  fertilizers.  Each 
of  these  five  plots  was  subdivided  into  two  sub-plots.  To  one 
of  these  sub-plots  in  each  of  the  five  pairs  the  manure  is  ap- 
plied during  the  winter,  being  spread  upon  the  surface  as  it 
is  hauled  to  the  field ;  to  the  other  sub-plot  in  each  of  tlie  five 
pairs  the  manure  as  it  is  hauled  is  put  into  a  large,  compact 
heap.  The  manure  used  is  carefully  preserved,  from  well- 
fed  dairy  cows  on  four  of  the  pairs  of  plots  (1,  2,  3  and  4), 
and  purchased  stable  manure  from  horses  on  one  pair  of  plots 
(5).  The  experiment  is  so  managed  that  all  the  manure  is 
hauled  for  a  single  pair  of  plots  at  one  time,  usually  during 
a  single  day,  or  at  most  within  two  days.  To  insure  even 
quality  of  the  manure  on  the  two  sub-plots,  loads  are  placed 
alternately  on  the  north  half,  where  it  is  spread  as  hauled ; 
and  on  the  south  half,  where,  as  has  been  stated,  it  is  put  into  a 
large  heap.  The  land  has  usually  been  plowed  late  in  the  fall. 
The  manure  has  usually  been  applied  to  the  two  sub-plots  1 
early  in  the  winter;  to  the  sub-plots  2,  3  and  4  respectively 
at  intervals  each  about  one  month  later  than  the  preceding. 
The  manure  which  is  placed  in  the  heaps  remains  there  until 
it  is  time  to  prepare  the  soil  for  planting  in  the  spring.     It 
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is  then  spread,  aud  as  soon  as  convenient  the  entire  area, 
including  both  the  winter  and  the  spring  applications,  is 
plowed.  It  is  estimated  that  the  double  handling  of  the 
manure  required  in  the  case  of  that  portion  which  is  applied 
in  the  spring  costs  at  the  rate  of  $4.80  per  acre  more  than 
the  single  handling  where  the  manure  is  spread  when  hauled 
during  the  winter. 

The  experiment  was  begun  in  1899 ;  the  present  season, 
therefore,  is  the  eighth  during  which  the  experiment  has  been 
continued.  The  crop  of  the  past  season  was  corn.  Fourteen 
different  varieties  of  seed  were  used.  The  different  plots, 
however,  were  so  planted  that  each  contained  equal  areas  of 
each  variety.  The  fact  that  a  number  of  varieties  was  used 
is  mentioned  only  because  it  is  a  partial  explanation  of  the 
fact  that  the  yield  in  this  field  is  considerably  lower  than  is 
usual  in  this  vicinity  on  well-manured  land.  This  inferiority 
in  yield  was  due  to  the  fact  that  many  of  the  varieties  which 
we  had  been  asked  to  test  by  the  United  States  Department 
of  Agriculture  proved  comparatively  worthless.  The  rates 
of  yield  per  acre  and  the  relative  standing  of  the  several 
plots  are  shown  in  the  following  tables :  — 

Corn  and  Stover.  —  Actual  Yields  (Bates  2)er  Acre). 


North  Half, 
Winter  Application. 

South  Half, 
Spring  Application. 

Plots. 

Stover 
(Pounds) . 

Hard  Corn 
(Bushels) . 

Soft  Corn 
(Bushels). 

Stover 
(Pounds). 

Hard  Corn 
(Bushels). 

Soft  Com 
(Bushels) . 

Plotl,      .        .        .        . 

3,741 

36.43 

5.86 

3,961 

38.61 

5.65 

Plot  2 

3,414 

30.50 

4.64 

3,893 

37.48 

4.99 

Plots 

3, .563 

35.72 

5.34 

3,847 

38.73 

5.05 

Plot  4 

3,171 

32.13 

5.01 

3,143 

29.95 

5.61 

Plots 

3,401 

31.22 

4.32 

3,457 

31.91 

4.13 

Corn  and  Stover. 

—  Relative  Yields  (Per  Cent.). 

Plots. 

North  Half, 
Winter  Application. 

South  Half, 
Spring  Application. 

Stover. 

Hard  Com. 

Stover. 

Hard  Corn. 

Plotl 

100 
100 
100 
100 
100 

100 
100 
100 
100 
100 

105.7 
114.0 
107.8 
99.1 
101.6 

104.7 

Plot  2 

122.9 

Plot  3 

108.4 

Plot  4             

93.2 

Plot  5                     

102.2 
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It  will  be  noticed  that  in  every  instance  the  spring  appli- 
cation of  manure  has  given  a  larger  yield  both  of  stover  and 
of  hard  corn  than  the  winter  application,  except  on  plot  4. 
This  exception,  in  our  judgment,  is  due  to  the  fact  that  dur- 
ing the  early  part  of  the  season  it  was  comparatively  rainy, 
and  a  part  of  the  area  on  the  south  half  of  plot  4  was  over 
wet,  so  that  the  seed  germinated  imperfectly.  The  results 
of  this  year,  then,  although  naturally  not  showing  precise 
numerical  agreement,  are  in  entire  accord  with  those  ob- 
tained in  1905.  During  the  entire  period  that  the  experi- 
ment has  continued  the  results  as  a  rule  have  been  similar. 

It  has  been  noticed  that  the  degree  of  superiority  of  the 
crops  on  the  sub-plots  where  the  manure  was  spread  in  the 
spring  has  varied  with  the  character  of  the  preceding  winter. 
There  is  evidently  some  loss  in  manurial  value  through  the 
exposure  of  the  manure  throughout  the  wanter,  and  this  loss 
is  probably  for  the  most  part  due  to  wash  over  the  frozen 
ground  during  the  winter  or  early  spring.  It  has  been  found 
that  in  a  season  following  a  cold  winter,  where  snow  has 
covered  and  protected  the  manure  during  practically  all  the 
time,  and  where  there  has  been  a  minimum  of  water  flowing 
over  the  surface,  the  winter-applied  manure  has  given  results 
closely  approaching  those  upon  the  manure  applied  in  the 
spring.  It  is  manifestly  impossible  to  foresee  the  character 
of  the  approaching  winter  months,  and  so  there  must  always 
be  a  degree  of  uncertainty  as  to  results.  Taken  as  a  whole, 
however,  the  differences  obtained  in  our  experiments  in  favor 
of  spring  application  have  been  relatively  small,  and  during 
a  large  proportion  of  the  time  insufficient  in  value  to  cover 
the  extra  cost  of  the  double  handling. 

In  estimating  the  significance  of  our  results,  it  should  be 
kept  in  mind  that  the  field  on  which  these  experiments  have 
been  tried  has  a  considerable  slope.  It  is,  therefore,  of  such 
a  character  as  is  favorable  to  considerable  waste  through  sur- 
face wash,  whenever  the  conditions  are  such  as  to  make  such 
wash  possible.  It  is  not  believed  that  on  land  which  is  sub- 
stantially level,  and  which  can  be  fall  plowed,  the  amount 
of  waste  due  to  the  exposure  incident  to  surface  application 
in   winter  will   bo   suffieiontly  great  to  make   it  good   farm 
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economy  to  give  the  manure  the  double  handling  involved  in 
the  spring  application.  If  the  storage  for  manure  is  suffi- 
cient, so  that  it  can  be  safely  held  where  made  until  spring, 
application  at  that  season  will  undoubtedly  be  safest  on  most 
of  our  New  England  farms,  wdiere  the  surfaces  of  the  fields 
are  usually  far  from  level.  With  level  fields,  on  the  other 
hand,  application  of  manure  during  the  winter  would  seem 
to  be  the  better  farm  practice. 

X.  —  NiTEATE  OF  Soda  foe  Rowen. 
The  station  has  been  experimenting  for  a  number  of  years, 
with  a  view"  to  noting  whether  nitrate  of  soda  applied  soon 
after  the  first  crop  is  cut  wall  give  a  profitable  increase  in 
the  rowen  crop.  The  field  in  wdiich  most  of  our  experiments 
have  been  tried  was  seeded  to  pure  timothy  in  the  fall  of 
1897.  The  crop  is  now  considerably  mixed  with  clover 
(mostly  white),  which  has  been  gradually  coming  in.  For 
the  first  crop  we  apply  fertilizers  at  the  following  rates  per 
acre:  nitrate  of  soda,  150  pounds;  muriate  of  potash,  200 
pounds;  fine-ground  bone,  400  pounds.  The  total  area  of 
the  field  is  a  little  more  than  three  acres.  The  rate  of  yield 
of  the  first  crop  this  year  was  3,153  pounds  per  acre,  which 
is  considerably  less  than  the  average  product  since  the  field 
was  seeded.  For  the  purpose  of  the  experiment  with  nitrate 
of  soda,  eight  equal  plots  have  been  laid  off,  each  containing 
almost  exactly  one-third  of  an  acre.  During  the  past  six 
years  alternate  plots  in  this  series  of  eight  have  annually 
received  a  top-dressing  of  nitrate  of  soda.  For  the  past  three 
years,  in  order  that  this  may  be  more  uniformly  spread,  we 
have  mixed  the  nitrate  of  soda  for  each  plot  with  such  a 
quantity  of  basic  slag  meal  as  to  constitute  an  application 
of  the  latter  at  the  rate  of  400  pounds  per  acre.  To  equalize 
conditions  on  the  alternate  plots  to  w^hich  no  nitrate  is  ap- 
plied, the  slag  meal  is  applied  to  all  of  these  at  the  same 
rate.  The  application  of  fertilizers  to  the  several  plots 
and  the  rates  of  yield  per  acre  are  shown  in  the  following 
table :  — 
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Nitrate  of  Soda  for  Rowen. 


Plots. 

Fertilizers  used  (Rates  pek  Acee). 

Yield 
(Pounds). 

Increase 
]  er  Acre 
(Pounds). 

Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 
Plot  6, 
Plot  7, 
Plot  8, 

Slag  meal,  400  pounds 

Slag  meal,  400  pounds ;  nitrate  of  soda,  150  pounds. 

Slag  meal,  400  pounds 

Slag  meal,  400  poimds ;  nitrate  of  soda,  150  pounds, 

Slag  meal,  400  pounds 

Slag  meal,  400  pounds;  nitrate  of  soda,  200  pounds, 

Slag  meal,  400  pounds, 

Slag  meal,  400  pounds ;  nitrate  of  soda,  250  pounds, 

1,535 

2,590 
1,496 
2,148 
1,615 
2,648 
1,627 
3,614 

1,074 

592 

1,027 

1,987 

The  nitrate  of  soda  has  in  every  instance  given  a  consider- 
able increase,  —  more  than  enough  in  every  instance  to  cover 
the  cost  of  the  nitrate  applied.  As  was  pointed  out  last  year, 
however,  it  is  not  believed  that  the  large  increase  on  plot  8 
is  altogether  due  to  the  nitrate  used,  for  evidently  the  mois- 
ture conditions  on  this  j^lot  are  rather  better  than  on  plot  7, 
with  which  it  is  compared.  Of  the  six  trials  of  nitrate  of 
soda  for  rowen  which  have  been  completed,  three  have  shown 
increases  sufficiently  large  to  make  the  application  profitable, 
while  in  the  other  trials  the  application  was  made  at  a  loss. 
As  is  natural,  the  result  of  an  application  of  nitrate  for 
rowen  varies  widely  ^\dth  the  season.  When  such  an  appli- 
cation is  followed  by  a  sufficient  and  well-distributed  rainfall, 
it  gives  a  very  profitable  increase  in  the  crop ;  but  when  the 
weather  succeeding  the  application  is  dry,  the  nitrate  is 
relatively  non-effective.  It  is  of  course  impossible  to  fore- 
see the  nature  of  the  weather  which  will  follow  the  use  of 
nitrate.  It  would  appear,  however^  that  there  is  at  least  an 
equal  chance  that  a  moderate  application  will  give  a  good 
margin  of  profit.  Close  observation  of  the  field  in  which 
this  experiment  has  been  tried  indicates  that  where,  owing 
to  succeeding  relatively  dry  weather,  the  nitrate  proves  in- 
effective for  the  immediately  succeeding  crop  of  rowen,  it 
will,  nevertheless,  on  this  fairly  compact  loam  be  retained 
by  the  soil  in  sufficient  quantity  to  favorably  influence  the 
hay  crop  of  the  following  season.  We  have  as  yet,  however, 
no  figures  that  can  be  presented  which  demonstrate  this  fact. 
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XL  —  Variety  Test,  Potatoes. 
During  the  past  season  we  have  carried  out  the  second 
year's  trial  with  twenty-live  varieties  of  potatoes.  The  seed 
,used  in  making  these  trials  was  all  of  our  own  production, 
and  was  kept  under  similar  conditions  throughout  the  win- 
ter. The  soil  in  which  the  varieties  were  planted  is  a  me- 
dium loam,  which  was  used  for  corn  in  1905.  It  received  a 
liberal  application  of  commercial  fertilizers.  The  varieties 
under  trial,  the  area  planted  to  each,  the  actual  yields  for  each 
and  the  rate  per  acre  are  shown  in  the  following  table :  — 


Good  as  Gold, 
Early  Quebec, 
Chenango  White, 

Reliance 

Early  Canada, 
Great  Divide, 
Beauty  of  Hebron, 
Clark's  Pride, 
Extra  Early  White  Rose,  . 
Banner,  .... 

Early  Rose,  .... 
Vermont  Gold  Coin,    . 

Climax 

Short  Seasons, 

Gorthsap 

Dewey 

Hammond's  Wonderful,    . 
Salzer's  Sunlight, 

KeUer, 

Uncle  Gideon's  Quick  Lunch, 

Noroton  Beauty,  . 

Nebraska,      .... 

Simmon's  Model, 

Harris'  Snowball, 

Mills'  New  Rose  Beauty,   . 


Area 
planted 

(Acres). 


.0104 
.0104 
.0104 
.0104 
.0104 
.0104 
.0104 
.0104 
.0104 
.0104 
.0104 
.0104 
.0104 
.0104 
.0104 
.0052 
.0052 
.0052 
.0052 
.0052 
.0052 
.0052 
.0052 
.0026 
.0026 


Yield  per  Plot 
(Pounds). 


Large. 


52.00 
98.00 

126.75 

108.75 

112.50 
82.50 

100.00 
84.50 

105.50 
66.75 

106.00 
99.25 

127.00 
59  25 

119.00 
59.50 
63.25 
35.50 
36.50 
20.75 
30.75 
48.00 
63.50 
18.00 
17.25 


Small. 


16.00 

5.50 

7.50 

15.00 

8.50 

11.50 

16.25 

18.00 

7.25 

2.00 

14.50 

11.25 

17.00 

5.00 

11.75 

4.00 

6.00 

5.00 

1.50 

10.50 

5.00 

4.25 

5.50 

2.00 

3.25 


Yield  per  Acre 

(Bushels). 


Large.         Small. 


83.33 
157.05 
203.13 
174.28 
180.16 
132.21 
160.26 
135.32 
169.07 
106.97 
169.87 
15:).  06 
203.52 

94.95 
190.71 
UK).  70 
202.72 
113.78 
116.99 

66.51 

98.56 
r53.85 
201.92 
115.38 
110.58 


25.64 

8.81 
11.91 
24.04 
13.62 
18.43 
26.04 
28.85 
11.62 

3.21 
23.24 
18.03 
27.24 

8.01 
18.83 
12.84 
19.26 
16.01 

4.81 
33.65 
16.01 
13.62 
17.62 
12.82 
20.83 


60  EXPERIMENT   STATION.  [Jan. 

It  "will  be  seen  that  most  of  the  varieties  gave  a  fairly 
satisfactory  yield.  Four  only  gave  a  yield  of  merchantable 
tubers  in  excess  of  200  bushels;  these,  in  the  order  of  their 
rank,  were:  Climax,  Chenango  White,  Hammond's  Wonder- 
ful and  Simmon's  Model.  Four  varieties  gave  a  yield  at 
the  rate  of  less  than  100  bushels  of  merchantable  tubers  per 
acre;  these,  in  the  order  of  their  inferiority,  were:  Uncle 
Gideon's  Quick  Lunch,  Good  as  Gold,  Short  Seasons  and 
Noroton  Beauty. 

The  seed  of  all  the  varieties  was  treated  with  formalin, 
and  the  product  was  free  from  scab.  They  were  twice 
sprayed  with  Bordeaux  mixture.  The  varieties  showing 
blight  earliest  were  Good  as  Gold,  Uncle  Gideon's  Quick 
Lunch  and  Noroton  Beauty.  All  the  vines  of  these  varieties 
were  dead  on  August  14,  on  which  date  Salzer's  Sunlight, 
Climax  and  Clark's  Pride  were  beginning  to  show  blight. 
The  six  varieties  named  were  the  only  ones  apparently  much 
affected.  Among  these  varieties,  all  except  Climax  gave  a 
small  yield,  those  earliest  blighted  being  among  the  very 
poorest. 

XII.  —  PouLTKY  Experiments. 

The  poultry  work  of  the  past  year  has  been  a  repetition 
of  the  feeding  experiments  of  the  preceding  year.  These 
experiments  had  indicated :  first,  that,  provided  fat  is  abun- 
dant in  the  ration,  high  protein  content  is  not  essential; 
second,  that,  if  the  fat  content  of  the  ration  is  low,  a  large 
proportion  of  protein  in  the  feeds  used  appears  to  be  much 
more  essential ;  and  third,  that  a  large  proportion  of  fiber 
in  the  ration  used  is  unfavorable  to  a  good  egg  product. 
The  fowls  used  in  the  experiment  this  year,  as  last,  were 
pullets  of  our  own  raising;  and  in  comparing  different  food 
combinations,  carefully  matched  flocks  have  been  kept,  as  in 
former  years,  each  in  a  house  by  itself,  all  the  houses  being 
of  precisely  similar  dimensions  and  construction. 

1.  The  fowls  in  houses  Nos.  1  and  2  have  been  fed  on 
rations  characterized  by  high  content  both  of  ash  and  fat 
and  low  fiber.  As  wheat  is  relatively  deficient  in  fat,  the 
ration  in  which  it  is  largely  used  received  an  addition  of 
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corn  oil.  This  is  mixed  with  the  grains  in  the  mash  in  such 
quantities  that  the  total  amount  of  fat  in  the  two  food  com- 
binations under  comparison  is  substantially  the  same  for 
each.  This  experiment,  therefore,  in  a  general  way  affords 
opportunity  to  test  the  relative  value  for  egg  production  of  a 
ration  relatively  high  in  protein  (the  one  containing  a  large 
proportion  of  wheat)  with  one  relatively  low  in  protein 
(containing  a  large  proportion  of  corn).  The  nutritive  ratio 
of  the  ration  used  in  house  N^o.  1,  which  may  be  denomi- 
nated "  the  wheat  ration,"  is  narrow,  —  1  to  4.57.  The 
ration  used  in  house  No.  2,  which  may  be  called  "  the  corn 
ration,"  has  a  relatively  wide  nutritive  ratio,  —  1  to  about 
6.5.  The  animal  food  used  in  both  these  rations  was  beef 
scraps.  The  following  results  were  obtained.  For  the  first 
period,  January  25  to  April  28,  inclusive,  the  wheat  ration 
produced  eggs  at  the  average  rate  of  .48  per  hen  day ;  the 
corn  ration,  at  the  rate  of  .54  per  hen  day.  For  the  second 
period,  April  28  to  September  5,  inclusive,  the  wheat  ration 
produced  eggs  at  the  average  rate  of  .37  per  hen  day;  the 
corn  ration,  at  the  rate  of  .39.  In  other  words,  100  hens, 
if  laying  at  the  same  rates,  would  have  produced  during  the 
winter  period  48  eggs  per  day  on  the  wheat  ration  and  54 
eggs  per  day  on  the  corn  ration;  during  the  summer  period, 
37  eggs  per  day  on  the  wheat  ration  and  39  eggs  per  day  on 
the  corn  ration.  The  average  food  cost  per  egg  produced 
was:  for  the  wheat  ration  .96  cents,  and  for  the  corn  ration 
.73  cents,  for  the  first  period ;  while  for  the  second  period 
the  food  cost  per  egg  on  the  wheat  ration  was  1.01  cents  and 
on  the  corn  ration  .82  cents.  The  gross  cost  of  the  food  on 
the  wheat  ration  varied  from  about  .37  cents  to  .42  cents  per 
day  for  each  fowl,  while  on  the  corn  ration  the  cost  varied 
from  .31  cents  to  .36  cents  per  day.  The  number  of  eggs 
on  the  corn  ration,  as  will  have  been  noted,  was  considerably 
more  than  on  the  other.  The  cost  per  egg  was  smaller  and 
the  daily  cost  per  fowl  was  smaller.  The  results  of  the  past 
year  are  in  exact  accord  with  those  obtained  in  similar  ex- 
periments in  earlier  years.  Our  egg  production  with  these 
pens  of  fowls  must  be  regarded  as  fairly  satisfactory,  and 
it  seems  impossible  to  doubt  that  corn  judiciously  used  in 
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combination  with  other  foods   has  superior  merits  for  egg 
production  as  compared  Avith  wheat. 

2.  The  rations  fed  to  the  fowls  in  houses  Nos.  3  and  4 
were  relatively  high  in  ash  and  low  in  fiber.  Milk  albumen 
was  the  animal  food  used.  This  was  selected  on  account  of 
the  low  percentage  of  fat  it  contains,  and  the  rations  fed  to 
the  fowls  in  both  of  these  houses  were  characterized  by  much 
lower  fat  contents  than  the  rations  fed  to  the  fowls  in  houses 
Nos.  1  and  2.  As  in  the  experiment  previously  described, 
the  fat  content  of  the  two  rations  used  in  houses  Nos.  3  and 
4  was  equalized  by  the  addition  of  corn  oil  to  the  one  nat- 
urally lower  in  fat.  Yilieat  was  the  leading  grain  in  the 
ration  fed  to  the  fowls  in  house  No.  3  ;  corn  the  leading  whole 
grain  fed  in  the  other  house.  No.  4.  The  results  with  the 
fowls  in  these  houses,  like  the  results  obtained  in  houses  Nos. 
1  and  2,  afford  a  basis  for  estimating  the  relative  value  of 
wheat  and  corn,  but  with  a  relatively  low  percentage  of  fat 
in  both.  The  nutritive  ratios  used  in  this  experiment  were, 
for  the  ration  containing  wheat,  1  to  4.54;  for  the  ration 
containing  corn,  1  to  6.28.  The  egg  product  in  this  experi- 
ment was  as  follows :  for  the  first  period,  January  25  to 
April  28,  inclusive,  for  the  wheat  ration  .49  and  for  the  corn 
ration  .47  eggs  per  hen  day;  for  the  summer  period,  April 
28  to  September  5,  inclusive,  for  the  wheat  ration  .35  and 
for  the  corn  ration  .46  eggs  per  hen.  day.  In  other  words, 
100  fowls,  laying  at  similar  rates,  would  have  produced  on 
the  wheat  ration  49  eggs  per  day  during  the  winter  period 
and  35  eggs  per  day  during  the  summer  period.  On  the 
corn  ration,  the  same  number  of  fowls  would  have  laid  47 
eggs  per  day  during  the  winter  period  and  46  eggs  per  day 
during  the  summer  period.  It  will  be  noticed  that  the  result 
in  the  winter  experiment  is  favorable  to  the  ration  contain- 
ing the  wheat.  In  the  summer,  on  the  other  hand,  it  is 
favorable  to  the  ration  containing  the  corn.  In  the  experi- 
ments reported  last  year  the  numbers  of  eggs  both  in  the 
winter  and  in  the  summer  period  were  greater  on  the  wheat 
ration,  although  the  cost  per  egg  was  less  on  the  corn  than 
on  the  wheat.  In  the  experiments  of  the  past  year  the  gross 
cost  of  food  per  egg  produced  on  the  wheat  ration  has  been 
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.96  cents  both  for  the  winter  and  summer  periods.  The 
gross  cost  of  food  per  egg  on  the  corn  ration  for  the  winter 
period  was  .86  cents  and  for  the  summer  period  .74  cents. 
This  year,  as  last,  therefore,  the  food  cost  per  egg  has  been 
less  on  the  corn  than  on  the  wheat.  It  is  not  easy  to  under- 
stand why  the  results  as  measured  by  the  number  of  eggs 
j^roduccd  in  one  instance  should  have  been  favorable  to  the 
wheat  and  in  the  other  to  the  corn,  but  it  may  be  that  the 
diiference  in  the  average  temperature  of  the  two  seasons  in 
part  accounts  for  it.  It  will  be  remembered  that  both  ra- 
tions in  this  experiment  are  low  in  fat.  One  of  the  prod- 
ucts of  protein  metabolism  in  the  animal  body  is  fat,  and  fat, 
as  is  well  understood,  is  the  most  effective  heat  producer. 
The  higher  protein  content  of  the  ration  containing  the  more 
wheat  may  have  proved  serviceable,  therefore,  in  enabling 
the  fowls  the  better  to  maintain  normal  body  temperatures 
during  the  cool  weather.  True,  it  is  generally  asserted  that 
corn  may  be  used  more  freely  as  a  food  for  laying  fowls  in 
winter  than  in  summer.  It  will  be  remembered,  however, 
that  in  this  experiment  the  fat  content  of  the  wheat  ration 
was  made  equal  to  that  of  the  corn  ration  by  the  addition 
of  corn  oil.  It  would  seem,  therefore,  that,  while  the  results 
in  the  two  periods  this  year  are  not  in  exact  agreement,  they 
nevertheless  in  a  general  way  support  the  conclusion  which 
has  previously  been  tentatively  suggested,  viz. :  that,  unless 
the  fat  content  of  the  ration  is  relatively  high,  the  more 
starchy  foods  are  not  sufficient  to  produce  a  satisfactory  egg 
yield,  and  the  product  falls  below  that  obtained  from  feed- 
ing a  ration  higher  in  protein. 

3.  The  fowls  in  houses  Nos.  5  and  6  received  rations  in 
both  cases  characterized  by  low  protein,  high  ash  and  high 
fat  content.  The  deficiency  in  fat  in  the  grains  selected  was 
made  up  by  the  use  of  corn  oil  mixed  with  the  meals  used  in 
the  mash,  as  in  the  other  experiments.  The  fowls  in  house 
No.  5  were  fed  grains,  including  oats  and  oat  feed,  charac- 
terized by  a  high  proportion  of  fiber.  Those  in  house  No.  6 
were  fed  grains  among  which  rice,  which  is  characterized  by 
a  very  low  percentage  of  fiber,  was  prominent.  The  object 
in  this  experiment  was  to  get  light  regarding  the  influence 
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of  fiber  in  the  ration  on  egg  production.  The  nutritive  ratio 
in  the  two  houses  was  kept  substantially  the  same,  about  1 
to  6.5.  The  animal  food  used  in  these  houses  was  beef  scraps. 
The  results  were  as  follows:  For  the  winter  period,  January 
25  to  April  28,  inclusive,  the  egg  production  was:  for  the 
oat  ration  (high  fiber),  .32  per  hen  day;  for  the  rice  ration 
(low  fiber),  .46.  For  the  summer  period,  April  28  to  Sep- 
tember 5,  inclusive,  the  egg  production  was:  for  the  oat 
ration  (high  fiber),  .32;  and  for  the  rice  ration  (low  fiber), 
.37  per  hen  day.  In  other  w^ords,  100  fowls,  laying  at  the 
same  rates,  would  have  produced  daily  during  the  winter 
period,  on  the  oat  ration,  32  eggs ;  on  the  rice  ration,  46  eggs ; 
during  the  summer  period,  on  the  oat  ration,  32  eggs ;  on 
the  rice  ration,  37  eggs.  The  food  cost  of  the  eggs  was 
greater  on  the  rice  ration  than  on  the  oat  ration.  As  has 
been  pointed  out  in  earlier  reports,  rice,  on  account  of  its 
high  price,  cannot  as  a  rule  be  economically  used  as  a  food 
for  laying  fowls.  It  is  used  in  this  experiment  because 
of  its  exceptionally  low  fiber  content.  The  results  of  the 
past  year  are  in  exact  accord  with  all  earlier  experiments 
testing  this  point.  A  large  proportion  of  fiber  in  a  ration 
for  laying  fowls  seems  to  be  highly  unfavorable  to  a  satisfac- 
tory egg  product. 
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Part  I.  —  Report  on  Official  Inspection  of 
Commercial  Fertilizers  and  Agricultural 
Chemicals  during  the  Season  of  1906. 


CHARLES    A.    GOESSMANN. 


The  total  number  of  manufacturers,  importers  and  deal- 
ers in  commercial  fertilizers  and  agricultural  chemicals  who 
have  secured  licenses  during  the  past  season  is  64 ;  of  these, 
40  have  offices  for  the  general  distribution  of  their  goods  in 
Massachusetts,  11  in  New  York,  8  in  Connecticut,  3  in  Ver- 
mont, 2  in  Ohio,  1  in  Rhode  Island,  1  in  Maryland,  1  in 
Tennessee,  1  in  Arkansas,  1  in  Missouri,  1  in  Canada,  1  in 
ISTew  Jersey  and  1  in  Pennsylvania. 

Three  hundred  and  fifty-four  brands  of  fertilizers  and 
chemicals  have  been  licensed  in  Massachusetts  during  the 
year.     Five  hundred  and  thirty-three  samples  of  fertilizers 
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have  been  collected  up  to  December  10  in  our  general  mar- 
kets bj  an  experienced  assistant  in  tbis  department. 

Four  hundred  and  ninety-seven  samples  of  officially  col- 
lected fertilizers  have  been  analyzed  at  the  present  date  (De- 
cember 10),  rei^resenting  323  distinct  brands  of  fertilizers. 
Some  of  these  analyses  were  published  in  our  July  bulletin 
No.  Ill;  the  others  will  be  published  in  our  January  bulle- 
tin. The  analyses  of  other  officially  collected  samples  of 
fertilizers,  not  included  in  these  two  publications,  will  be 
published  in  our  March  bulletin  for  1907.  Twenty-eight 
more  brands  of  fertilizers  were  licensed  in  Massachusetts 
during  the  year  than  in  1905,  and  10  more  have  been  analyzed 
than  during  the  past  year. 

The  following  table  shows  the  general  character  of  the 
fertilizers  analyzed  during  1906,  as  compared  with  the  pre- 
vious year : — 


(«)  Where  three  essential  elements  of  plant  food  were  guaranteed 
(complete  fertilizers) :  — 
Number  with  three  elements  equal  to  or  above  the  highest  guarantee 
Numljer  with  two  elements  above  the  highest  guarantee, 
Number  with  one  element  above  the  highest  guarantee,  . 
Number  with  three  elements  between  the  hignest  and  lowest  guarantee 
Number  with  two  elements  between  the  highest  and  lowest  guarantee 
Number  with  one  element  between  the  highest  and  lowest  guarantee 
Number  with  three  elements  below  the  lowest  guarantee, 
Number  with  two  elements  below  the  lowest  guarantee, 
Number  with  one  element  below  the  lowest  guarantee,  . 

(b)  Where  two  essential  elements  of  plant  food  were  guaranteed 

(bones,  tankage,  fish  and  ashes) :  — 
Number  with  two  elements  above  the  highest  guarantee, 
Number  with  one  element  above  the  highest  guarantee,  . 
Number  with  two  elements  between  the  lowest  and  highest  guarantee 
Numljer  with  one  element  between  the  lowest  and  highest  guarantee 
Number  with  two  elements  below  the  lowest  guarantee. 
Number  with  one  element  below  the  lowest  guarantee,   . 

(c)  Where  one  essential  element  of   plant  food  was  guaranteed 

(chemicals) :  — 

Numljcr  above  the  highest  guarantee, 

Number  between  the  lowest  and  highest  guarantee 

Number  below  the  lowest  guarantee, 


11 
15 
59 
100 
74 
24 
1 
14 
48 


71 
106 
71 
41 
0 
14 
45 


The  quality  of  the  officially  collected  fertilizers  for  1906, 
as  shown  by  the  above  table,  shows  a  gain  over  the  previous 
year. 
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Trade  Values  of  Fertilizing  Ingredients  in  Raiv  Materials  and  Chemicals, 
1905  and  1006  {Cents  jter  Found). 


1905. 


Nitrogen  in  ammonia  salts 

Xitrogcu  in  nitrates 

Organic  nitrogen  in  dry  and  fine  ground  flsh,  meat,  Wood,  and  in 

high-grade  mixed  fertilizers, 

Organic  nitrogen  in  flue  bone  and  tankage. 
Organic  nitrogen  in  coarse  bone  and  tankage,    . 

Phosphoric  acid  soluble  in  wsiter 

Phosphoric  acid  soluble  in  ammonium  citrate,  . 

Phosphoric  acid  in  fine-ground  flsh,  bone  and  tankage, 

Phosphoric  acid  in  cotton-seed  meal,  castor  pomace  and  wood  ashes, 

Phosphoric  acid  in  coarse  flsh,  bone  and  tankage, 

Phosphoric  acid  insoluble  (in  water  and  neutral  citrate 

In  mixed  fertilizers, 

Potash  as  sulphate  (free  from  chlorides),   . 
Potash  as  muriate  (chloride),         .... 
Potash  as  carbonate, 


of  ammonia) 


17.50 
17.00 

18.50 
18.00 
13.00 
4.50 
4. CO 
4.00 
4.00 
3.00 


2.00 
5.00 
4.25 
8.00 


17.50 
16.50 

18.50 
18.00 
13.00 
4.50 
4.00 
4.00 
4.00 
3.00 


2.00 
5.00 
4.25 
8.00 


A  comparison  of  the  market  cost  of  tlie  various  forms  in 
which  the  three  essential  elements  of  jDlant  food  are  found 
shows  the  nitrogen  in  the  form  of  nitrates  to  be  a  half-cent 
lower  in  cost  than  for  the  previous  year ;  the  cost  of  the  other 
forms  of  nitrogen,  as  well  as  the  various  sources  of  potash 
and  phosi^horic  acid,  remains  the  same  as  for  1905. 

The  above  schedule  of  trade  values  was  adopted  by  repre- 
sentatives of  the  Massachusetts,  Connecticut,  Rhode  Island, 
Maine,  Vermont  and  New  Jersey  experiment  stations,  at  a 
conference  held  during  the  month  of  February,  1906,  and 
is  based  upon  the  condition  of  the  fertilizer  market  in  centers 
of  distribution  in  N^ew  England,  N^ew  York  and  N^ew  Jersey 
during  the  six  months  preceding  March,  1906,  and  refers 
to  the  current  market  prices,  in  ton  lots,  of  the  leading  stand- 
ard raw  materials  which  furnish  nitrogen,  phosphoric  acid 
and  potash,  and  which  enter  largely  into  the  manufacture  of 
our  commercial  fertilizers. 

Table  A,  on  a  following  page,  gives  the  average  composi^ 
tion  of  licensed  commercial  fertilizers  for  1906. 

Table  B  gives  a  compilation  of  analyses  of  the  so-called 
special  crop  fertilizers,  and  shows  the  wide  variation  in  the 
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chemical  composition  of  this  class  of  goods,  the  variation  in 
some  cases  amonnting  to  10  or  12  per  cent,  in  some  one  ele- 
ment of  plant  food  which  is  recommended  and  used  by  dif- 
ferent manufacturers  in  compounding  a  fertilizer  for  some 
special  crop.  Tliis  is  proof  positive  that  the  purchaser  of 
commercial  fertilizers  must  have  some  more  reliable  method 
of  selecting  his  fertilizers  than  by  using  the  manufacturers' 
trade  names,  which,  being  so  contradictory,  confuse  rather 
than  aid  the  intelligent  buyer.  No  infallible  rule  can  be 
laid  do^^^l  in  selecting  a  fertilizer,  as  so  much  depends  upon 
the  method  of  crop  rotation,  the  kind  of  farming  in  practice, 
and  general  soil  conditions  and  requirements.  The  user  of 
commercial  fertilizers  will,  however,  make  no  mistake  in  se- 
lecting a  higli-grade  fertilizer;  but  whether  to  select  a  fer- 
tilizer containing  a  high  percentage  of  some  one  element  of 
plant  food,  and  how  to  be  guided  in  this  matter,  must  rest 
with  the  individual  consumer.  The  plant  food  requirements 
of  different  soils,  as  well  as  different  crops,  vary  widely ;  and 
the  farmer  must  discover  what  particular  fertilizing  element 
or  elements  will  most  benefit  his  soil,  and  select  his  fertilizer 
accordingly. 
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List  of  Manufacturers  ajid  Dealers  who  have  secured  Certifcates  for  the 
Sale  of  Commercial  Fertilizers  in  the  Slate  during  the  Past  Year 
{May  1,  lUOO,  to  May  1,  1907),  and  the  Brands  licensed  by  Each. 


The  American  Agricultural  Chemical 
Co.,   Boston,  Mass. :  — 

High-grade      Fertilizer     with      Ten 

Per  Cent.   Potash. 
Grass    and    Lawn    Top-dressing. 
Tobacco    Starter    and    Grower. 
Fine-ground    Bone. 
Dissolved    Bone    Black. 
Muriate    of   Potash. 
Double    Manure    Salt. 
High-grade    Sulfate    of    Potash. 
Nitrate  of  Soda. 
Dry  Ground  Fish. 
Plain    Superphosphate. 
Sulfate  of  Ammonia. 
Kainit. 
Dried   Blood. 
Fine-ground   Tankage. 
Ground       South       Carolina       Phos- 
phate. 
High-grade    Tobacco    Manure. 

The  American  Agricultural  Chemical 
Co.  (Bradley  Fertilizer  Co.,  branch), 
Boston,    Mass. :  — 

Bradley's     Complete     for     Potatoes 

and    Vegetables. 
Bradley's    Complete    for    Corn    and 

Grain. 
Bradley's    Complete    Manure    with 

Ten  Per  Cent.   Potash. 
Bradley's      Complete      Top-dressing 

Grass  and  Grain. 
Bradley's   X.    L.    Superphosphate. 
Bradley's  Potato  Manure. 
Bradley's    Potato    Fertilizer. 
Bradley's  Corn   Phosphate. 
Bradley's    Eclipse    Phosphate. 
Bradley's   Niagara   Phosphate. 
Bradley's    English   Lawn    Fertilizer. 
Bradley's       Columbia       Fish       and 

Potash. 
Bradley's   Abattoir   Bone    Dust. 
Bradley's    Seeding-down    Manure. 
Church's   Fish   and   Potash. 

The  American  Agricultural  Chemical 
Co.  (H.  J.  Baker  &  Bro.,  branch). 
New  York,   N.   Y. :  — 

Baker's   A.   A.   Ammoniated   Super- 
phosphate. 
Baker's    Complete   Potato   Manure. 

The  American  Agricultural  Chemical 
Co.  (Clark's  Cove  Fertilizer  Co., 
branch),    Boston,    Mass.:  — 

Clark's   Cove    Bay    State   Fertilizer. 
Clark's    Cove    Bay    State    Fertilizer 
G,  G. 


Tlie  American  Agricultural  Chemical 
Co.  (Clark's  Cove  Fertilizer  Co., 
branch),    Boston,    Mass.  —  Con. 

Clark's  Cove  Great  Planet  Manure. 
Clark's  Cove  Potato  Manure. 
Clark's  Cove  Polato  Fertilizer. 
Clark's  Cove  King  Philip  Guano. 


The     American     Agricultural     Chemical 
Co.    (Crocker   Fertilizer   and   Chemical 
Co.,   branch),   Buffalo,   N.  Y. : — 
Crocker's     Potato,     Hop     and     To- 
bacco  Phosphate. 
Crocker's   Corn    Phosphate. 
Crocker's  A.   A.    Complete  Manure. 


The  American  Agricultural  Co.  (Cum- 
berland Bone  Phosphate  Co.,  branch), 
Boston,   Mass. :  — 

Cumberland  Superphosphate. 

Cumberland   Potato   Fertilizer. 


The  American  Agricultural  Chemical 
Co.  (L.  B.  Darling  Fertilizer  Co., 
branch),  Pawtucket,   R.  I.:  — 

Darling's  Blood,   Bone  and  Potash. 
Darling's   Complete   Ten   Per   Cent. 

Manure. 
Darling's  Potato  Manure. 
Darling's  Farm  Favorite. 
Darling's    Potato    and    Root    Crop 

Manure. 
Darling's  General  Fertilizer. 


The  American  Agricultural  Chemical 
Co.  (Great  Eastern  Fertilizer  Co., 
branch),  Rutland,  Vt. :  — 

Great  Eastern  Northern  Corn   Spe- 
cial. 
Great  Eastern  Vegetable  Vine  and 

Tobacco. 
Great  Eastern  Garden  Special. 
Great  Eastern   General. 
Great     Eastern     Grass     and     Oats 
Fertilizer. 


The  American  Agricultural  Chemical 
Co.  (Pacific  Guano  Co.,  branch), 
Boston,  Mass. :  — 

Pacific   High-grade   General. 

Pacific   Potato   Special. 

Soluble   Pacific  Guano. 

Pacific  Nobsque  Guano, 
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The  American  Agricultural  Chemical 
Co.  (Packers'  Union  Fertilizer  Co., 
branch),  Rutland,  Vt. :  — 

Packers'     Union    Gardeners'     Com- 
plete Manure. 
Packers'    Union    Animal   Corn   Fer- 
tilizer. 
Packers'    Union   Potato   Manure. 
Packers'     Union     Universal     Ferti- 
lizer. 
Packers'    Union   "Wheat,    Oats    and 
Clover  Fertilizer. 


The  American 
Co.  (Quinnip 
ton,  Mass. :  — 
Quinnipiac 
Quinnipiac 
Quinnipiac 
Quinnipiac 
Quinnipiac 
Quinnipiac 
Quinnipiac 


Agricultural     Chemical 
iac    Co.,    branch),    Bos- 


Market-garden  Manure. 
Phosphate. 
Potato   Manure. 
Potato   Phosphate. 
Corn  Manure. 
Climax  Phosphate. 
Onion   Manure. 


The  American  Agricultural  Chemical 
Co.  (Read  Fertilizer  Co.,  branch). 
New  York,  N.  Y. :  — 

Read's   Practical   Potato    Special. 

Read's  Farmer's  Friend. 

Read's  Standard. 

Read's    H  i  g  h  -  g  r  a"d  e    Farmer's 

Friend. 
Read's  Vegetable  and  Vine. 

The  American  Agricultural  Chemical 
Co.  (Standard  Fertilizer  Co.,  branch), 
Boston,  Mass.:  — 

Standard  Complete  Manure. 

Standard  Fertilizer. 

Standard  Special  for  Potatoes. 

Standard  Guano. 

The  American  Agricultural  Chemical 
Co.  (Henry  F.  Tucker  Co.,  branch), 
Boston,  Mass. :  — 

Tucker's   Original   Bay   State   Bone 

Superphosphate. 
Tucker's  Special  Potato. 

The  American  Agricultural  Chemical 
Co.  (Williams  &  Clark  Fertilizer  Co., 
branch),   Boston,   Mass.:- — - 

Williams  &  Clark's  High-grade  Spe- 
cial. 

Williams  &  Clark's  Americus  Phos- 
phate. 

Williams  &  Clark's  Potato  Phos- 
phate. 

Williams  &  Clark's  Potato  Manure. 

Williams  &  Clark's  Corn  Phos- 
phate. 

Williams  &  Clark's  Royal  Bono 
Phosphate. 

Williams  &  Clark's  Prolific  Crop 
Producer. 


The  American  Agricultural  Chemical 
Co.  (M.  E.  Wheeler  &  Co.,  branch), 
Rutland,  Vt. :  — 

Wheeler's  Corn  Fertilizer. 
Wheeler's  Potato  Manure. 
Wheeler's  Havana  Tobacco  Grower. 
Wheeler's  Bermuda   Onion  Grower. 
Wheeler's    Grass    and    Oats    Ferti- 
lizer. 

W.  H.  Abbott,  Holyoke,  Mass. :  — 
Abbott's  Tobacco  Fertilizer. 
Abbott's  Onion  Fertilizer. 
Abbott's  Animal  Fertilizer. 
Abbott's  Eagle  Brand  Fertilizer. 

The  American  Cotton  Oil  Co.,  New 
York  City :  — 

Cotton-seed  Meal. 
Cotton-hull  Ashes. 

The  American  Linseed  Co.,  New  York, 
N.  Y.:  — 

Cleveland  Flax  Meal. 

The  Armour  Fertilizer  Works,  Balti- 
more, Md. :  — 

Fruit  and  Root  Fertilizer. 

Blood,  Bone  and  Potash. 

High-grade  Potato. 

All  Soluble. 

Ammoniated  Bone  with  Potash. 

Bone  Meal. 

Complete  Potato. 

Corn  King. 

Market  Garden. 

Grain   Grower. 

H.  J.  Baker  &  Bro.,  New  York, 
N.  Y. :  — 

Castor  Pomace. 

Beach  Soap  Co.,  Lawrence,  Mass.:  — 
Beach's  Advance  Brand. 
Beach's  Reliance  Brand. 

Berkshire  Fertilizer  Co.,  Bridgeport, 
Conn. :  — ■ 

Berkshire   Complete   Fertilizer. 
Berkshire     Potato     and     Vegetable 

Phosphate. 
Berkshire  Ammoniated  Bone  Phos- 
phate. 
Berkshire  Grass  Fertilizer. 

Joseph  Breck  &  Sons,  Boston,  Mass. :  — 
Breck's    Lawn    and   Garden    Dress- 
ing. 
Breck's  Market-garden  Manure. 

Bowkcr  Fertilizer  Co.,  Boston,  Mass. :  — 
Stockbridge  Special  Manures. 
Bo\^ker's  Hill  and  Drill  Phosphate. 
Bowker's   Farm  and  Garden  Phos- 
phate. 
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Bowkcr  Fertilizer  Co.,  Boston,  Mass.  — 
Con. 

Bowker's  Lawn  and  Garden  Dress- 
ing. 

Bowker's  Potato  and  Vegetable 
Fertilizer. 

Bowker's  Fish  and  Potash  (Square 
Brand). 

Bowker's  Potato  and  Vegetable 
Phosphate. 

Bowker's  Sure  Crop  Phosphate. 

Gloucester  Fish  and  Potash. 

Bowker's   High-grade  Fertilizer. 

Bowker's  Bone  and  Wood  Ash 
Fertilizer. 

Bowker's  Fish  and  Potash  ("D" 
Brand). 

Bowker's  Corn  Phosphate. 

Bowker's  Bone,  Blood  and  Potash. 

Bowker's  Early  Potato  Manure. 

Bristol  Fish  and  Potash. 

Bowker's  Fine-ground  Fish. 

Bowker's  Tobacco  Ash  Elements. 

Bowker's  Wood  Ashes. 

Bowker's  Ground  Bone. 

Bowker's  Superphosphate. 

Bowker's    Sulfate   of  Ammonia. 

Bowker's  Nitrate  of  Soda. 

Bowker's  Dissolved   Bone  Black. 

Bowker's  Kainit. 

Bowker's  Muriate  of  Potash. 

Bowker's  Sulfate  of  Potash. 

Dried  Blood. 

Bowker's  Soluble  Animal  Fertilizer. 

Bowker's  Tobacco  Starter. 

Bowker's  Tobacco  Ash  Fertilizer. 

Bowker's    Market-garden   Fertilizer. 

Bowker's  Potash  Bone. 

Bowker's  Ten  Per  Cent.  Manure. 

Bowker's  Complete  Mixture. 

Bowker's  Ammoniated  Food  for 
Flowers. 

Bowker's  Double  Manure  Salt. 

Bowker's  Tankage. 

Bowker's  Clover  Brand  Bone  and 
Wood  Ash  Fertilizer. 

Bowker's  Flour  of  Bone. 

Bowker's  Market  Bone. 

Bowker's   Ground  Phosphate  Rock. 

Bowker's  Ammoniated  Dissolved 
Bone. 

Bowker's  Square  Brand  Bone  and 
Potash. 

Bowker's  Potash  or  Staple  Phos- 
phate. 

Bowker's  Special  Fertilizer  for 
Seeding  Down. 

F.  W.  Brode  &  Co.,  Memphis,  Tenn. :  — 
Owl  Brand  Cotton-seed  Meal. 

T.  H.  Bunch  Co.,  Little  Rock,  Ark. :  — 
Cotton-seed  Meal. 


The     Buffalo     Fertilizer     Co.,     Buffalo, 
N.  Y. :  — 
Fish  Guano. 
Farmer's  Choice. 
York  State  Special. 
Vegetable  and  Potato. 
Garden  Truck. 
High-grade  Manure. 

Charles  M.  Cox  Co.,   Boston,  Mass. :  — 
Cotton-seed  Meal. 

Chicopee  Rendering  Co.,  Springfield, 
Mass. :  — 

Farquhar's      Lawn      and      Garden 

Dressing. 
Farquhar's    Vegetable    and    Potato 
Fertilizer. 

The  Coe-Mortimer  Co.,  New  York, 
N.  Y.:  — 

New  Englander  Corn  and  Potato 
Fertilizer. 

Columbian  Corn  and  Potato  Fer- 
tilizer. 

Basic  Slag. 

Excelsior  Potato  Fertilizer. 

Gold  Brand  Excelsior  Guano. 

XXX  Ammoniated  Bone  Phos- 
phate. 

Nitrate  of  Soda. 

Celebrated  Special  Potato. 

High-grade  Ammoniated  Bone  Su- 
perphosphate. 

Chincha  Peruvian  Guano. 

Lobos  Peruvian  Guano. 

John  C.  Dow  &  Co.,  Boston,  Mass. :  — 
Dow's  Pure  Ground  Bone. 

Eastern  Chemical  Co.,  Boston,  Mass. :  — 
Imperial  Plant  Food. 

R.  &  J.  Farquhar  &  Co.,  Boston, 
Mass. :  — 

Canada      Unleached      Hard-w  o  o  d 

Ashes. 
Clay's  London  Fertilizer. 

Fyfe,  Fay  &  Pluinmer,  Clinton, 
Mass. :  — 

Hard-wood  Canada  Ashes. 

C.  B.  Hastings,  Ashmont,  Mass. :  — 
Ferti  Flora. 

Thomas  Hersom  &  Co.,  New  Bedford, 
Mass. :  — 

Meat  and  Bone. 
Bone  Meal. 
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The  Home  Soap  Co.,  Worcester, 
Mass. :  — 

Ground  Bone. 

Hunter  Brothers  Milling  Co.,  St.  Louis, 
Mo.:  — 

Cotton-seed  Meal. 

John  Joynt,  Lucknow,  Ontario, 
Can. :  — 

Unleached  Hard-wood  Ashes. 

A.  Klipstein  &  Co.,  New  York,  N.  Y. :  — 
Carbonate  of  Potash. 

Lister's  Agricultural  Chemical  "Works, 
Newark,  N.  J. :  — 

Lister's  High-grade  Special. 
Lister's  Success. 
Lister's  Special  Corn. 
Lister's  Special  Potato. 
Lister's  Potato  Manure. 
Lister's  Oneida  Special. 
Lister's  Bone  and  Potash. 

Stephen  Major,  South  Somerset, 
Mass. :  — 

Major's  Bone  Phosphate  No.  1. 

Edward  MacMulkin,  Boston,  Mass. :  — 
Ideal  Plant  Food. 

Swift's  Lowell  Fertilizer  Co.,  Boston, 
Mass. :  — 

Swift's  Lowell  Bone  Fertilizer. 

Swift's  Lowell  Potato  Phosphate. 

Swift's  Lowell  Dissolved  Bone  and 
Potash. 

Swift's  Lowell  Animal  Brand. 

Swift's  Lowell  Market-garden  Ma- 
nure. 

Swift's  Lowell  Potato  Manure. 

Swift's  Lowell  Empress  Brand. 

Swift's  Lowell  Superior  Fertilizer. 

Swift's  Lowell  Special  Grass  Mix- 
ture. 

Swift's  Lowell  Lawn  Dressing. 

Swift's  Lowell  Perfect  Tobacco 
Grower. 

Swift's   Lowell  Ground  Bone. 

Acid  Phosphate. 

Nitrate  of  Soda. 

Muriate  of  Potash. 

Tankage. 

Dried  Blood. 

High-grade  Sulfate  of  Potash. 

Dissolved  Bone  Black. 

Swift's  Lowell  Special  Vegetabh? 
Fertilizer. 

George  E.  Marsh  &  Co.,  Lynn,  Mass. :  — 
Bone  Meal. 


Mapes  Formula  &  Peruvian  Guano  Co., 
New  York,  N.  Y. :  — 

Mapes'  Grass  and  Grain  Spring 
Top-dressing. 

Mapes'  Complete  Manure  for  Gen- 
eral Use. 

Mapes'  Fruit  and  Vine  Manure. 

Mapes'  Cereal  Brand. 

Mapes'  Lawn  Top-dressing. 

Mapes'  Cauliflower  and  Cabbage 
Manure. 

Mapes'  Potato  Manure. 

Mapes'  Tobacco  Starter  Improved. 

Mapes'  Tobacco  Manure  (Wrapper 
Brand). 

Mapes'   Economical  Potato  Manure. 

Mapes'  Average  Soil  Complete  Ma- 
nure. 

Mapes'  Vegetable  Manure  or  Com- 
plete Manure  for  Light  Soils. 

Mapes'  Corn  Manure. 

Mapes'  Complete  Manure  ("A" 
Brand). 

Mapes'  Complete  Manure  Ten  Per 
Cent.  Potash. 

Mapes'  Top-dressing  Improved, 
Half  Strength. 

Mapes'  Tobacco  Ash  Constituents. 

George  L.  Monroe  &  Sons,  Oswego, 
N.  Y. :  — 

Pure  Canada  Unleached  Wood 
Ashes. 

D.  M.  Moulton,  Monson,  Mass. :  — 
Ground  Bone. 

W.  H.  Nash,  Boston,  Mass. :  — 
Lime-Kiln  Ashes. 

National  Fertilizer  Co.,  Bridgeport, 
Conn. :  — 

Chittenden's  Ammoniated   Bone. 
Chittenden's  Universal. 
Chittenden's  Potato  Phosphate. 
Chittenden's  Complete. 
Chittenden's  Fish  and  Potash. 
Chittenden's  Tobacco  Starter. 
Chittenden's  Tobacco  Grower. 
Chittenden's  Market  Garden. 
Chittenden's  Tobacco   Special. 
Chittenden's  Complete  Tobacco. 
Chittenden's      High-grade      Special 
Tobacco. 

New  England  Fertilizer  Co.,  Boston, 
Mass. :  — 

New  England  Corn  Phosphate. 
New  England   Potato  Fertilizer. 
New   England   Superphosphate. 
New    England    High-grade     Potato 
Fertilizer. 
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Olds  &  Whipple,  Hartford,  Conn. :  — 
Complete  Tobacco  Fertilizer. 
Home  Mixture  for  Onions. 
Vegetable  Potash. 
Corn  and  Potato  Fertilizer. 
Cotton-seed   Meal. 


R.  T.  Prentiss,  Holyoke,  Mass. :  — 
Complete  Fertilizers. 


Parmenter  &  Polsey  Fertilizer  Co.,  Pea- 
body,  Mass. :  — 

Plymouth  Rock  Brand. 

Strawberry  Special. 

Special  Potato. 

A.  A.  Brand. 

P.  &  P.  Potato. 

Lawn   Dressing. 

P.  &  P.  Grain  Grower. 

Star  Brand. 

Pure  Ground  Bone. 

Nitrate  of  Soda. 

Aroostook  Special. 


Rogers    &    Hubbard    Co.,    Middletown, 
Conn. :  — 

Hubbard's    Complete    Phosphate. 
Hubbard's    Grass    and    Grain    Fer- 
tilizer. 
Hubbard's      Market-garden      Phos- 
phate. 
Hubbard's   Oats   and  Top-dressing. 
Hubbard's  Potato  Phosphate. 
Hubbard's   Soluble   Corn    and   Gen- 
eral Crops. 
Hubbard's   Soluble  Potato  Manure. 
Soluble     Tobacco     Ma- 


Hubbard's 

nure. 
Hubbard's 

Flour. 
Hubbard's 

Bone. 


Raw      Knuckle      Bone 


Strictly      Pure      Fine 


Rogers  Manufacturing  Co.,  Rockfall, 
Conn. :  — 

All-round  Fertilizer. 

Complete  Potato  and  Vegetable  Fer- 
tilizer. 

High-grade  Complete  Corn  and 
Onion. 

Fish  and  Potash. 

High-grade   Tobacco   and   Potato. 

High-grade  Oats  and  Top-dressing. 

High-grade  Grass  and  Grain. 

High-grade  Soluble  Tobacco. 

Pure  Knuckle  Bone. 


Ross  Brothers,  Worcester,   Mass.: 
Lawn  and  Garden  Fertilizer. 


N.  Roy  &  Son,  South  Attleborough, 
Mass. :  — 

Potato  Fertilizer. 

Complete  Animal   Fertilizer. 

Russia  Cement  Co.,  Gloucester,  Mass. :  — 

Essex  Dry  Ground  Pish. 

Essex  Complete  for  Corn,  Grain 
and  Grass. 

Essex  Com'plete  for  Potatoes,  Roots 
and  Vegetables. 

Essex  Market-garden  and  Potato 
Manure. 

Essex  Corn  Fertilizer. 

Essex  A.    1.   Superphosphate. 

Essex  XXX  Fish  and  Potash. 

Essex  Odorless  Lawn  Dressing. 

Essex  Tobacco  Starter. 

Essex  Special  Tobacco  Manure. 

Essex  Rhode  Island  Special  for  Po- 
tatoes. 

Essex  Grass  and  Top-dressing. 

Essex  Nitrate  of  Soda. 

The  Salisbury  Cutlery  Handle  Co.,  Salis- 
bury,   Conn. :  — 
Ground  Bone. 

Sanderson's  Fertilizer  &  Chemical  Co., 
New  Haven,  Conn.:  — 

Sanderson's  Formula  "  A." 
Sanderson's  Formula  "  B." 
Sanderson's  Top-dressing  Grass  and 

Grain. 
Sanderson's  Potato  Manure. 
Sanderson's    Atlantic    Coast    Bone, 

Fish  and  Potash. 
Sanderson's  Fine-ground  Fish. 
Nitrate  of  Soda. 
High-grade   Sulfate  of  Potash. 
Muriate  of   Potash. 
Plain  Superphosphate. 
Walker's  Complete  Phosphate. 

M.  L.  Shoemaker  &  Co.,  Limited,  Phil- 
adelphia,  Pa. :  — 

Swift  Sure  Superphosphate. 
Swift  Sure  Bone  Meal. 

The    Smith    Agricultural    Chemical    Co. 
(Abbott    and    Martin    Rendering    Co., 
branch),    Columbus,    O. :  — 
Harvest  King. 

Tobacco  and  Potato  Special. 
Martin's   Truck  Fertilizer. 

The  Smith  Agricultural  Chemical  Co. 
(Hardy  Packing  Co.,  branch),  Co- 
lumbus,  O. :  — 

Tankage,  Bone  and  Potash. 
Tobacco  and  Potato  Special. 
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sterling    Chemical    Co.,    Cambridgeport, 
Mass.:  — 

Sterlingworth    Concentrated     Plant 
Food. 

Thomas  L.  Stetson,  Randolph,  Mass. :  — 
Stetson's  Ground  Bone. 

A.     L.     Warren,     Northborough, 
Mass. :  — 

Warren's  Ground   Bone. 

Whitman  &  Pratt  Rendering  Co.,   Low- 
ell,  Mass. :  — 

Vegetable  Grower. 
All  Crops  Fertilizer. 
Corn  Success. 
Potato  Plowman. 
Ground   Bone. 


Wilcox      Fertilizer      Works,      Mystic, 
Conn. :  — 

Potato,    Onion    and    Vegetable    Ma- 
nure. 
Potato  Fertilizer. 
Complete  Bone  Superphosphate. 
Fish  and  Potash. 
High-grade  Tobacco   Special. 
Dry  Ground  Fish. 


Sanford  Winter,  Brockton,  Mass. :  — 
Winter's  Ground  Bone. 


J.     M.     Woodard     &    Bro.,     Greenfield, 
Mass. :  — 
Tankage. 
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Pakt   II.  —  Eepokt  on  General  Work  in   the 
Chemical  Laboratory. 


C.    A.    GOESSMANN. 


1,  Analyses  of  materials  forwarded  for  examination. 

2.  Notes  on  wood  ashes  and  lime  ashes. 

1.    Analyses  of  Materials  foewakded  foe  Examination. 

During  the  year  343  samples  of  miscellaneous  substances 
have  been  received  from  farmers  within  our  State.  These 
samples  have  been  analyzed  as  expeditiously  as  possible,  the 
samples  being  taken  up,  as  a  rule,  in  the  order  of  their 
arrival  at  this  office ;  although  precedence  is  sometimes  given 
to  farmers'  clubs,  grange  organizations  and  private  parties, 
who  depend  upon  the  results  of  our  analysis  as  a  basis  for 
settlement  for  their  fertilizers.  We  have  most  time  at  our 
disposal  for  this  class  of  work  from  the  middle  of  December 
until  the  first  of  April,  as  during  this  time  we  are  not  en- 
gaged in  the  annual  inspection  of  commercial  fertilizers. 
Whenever  practical,  it  would  be  well  for  those  who  desire  a 
speedy  return  of  results  of  analyses  to  take  advantage  of  this 
fact,  and  send  samples  for  analysis  before  the  beginning  of 
our  inspection  season. 

During  the  year  we  have  been  in  co-operation  with  the 
Association  of  Official  Agricultural  Chemists,  studying  new 
methods  of  analyses  of  soils,  fertilizers  and  insecticides. 
This  is  a  very  important  part  of  the  practical  chemists' 
work,  and  time  should  be  taken  every  year  for  this  co-opera- 
tive investigation. 

The  year  has  seen  some  new  developments  along  the  line 
of  producing  valuable  agricultural  compounds  for  fertiliz- 
ing purposes.     These  developments  have  naturally  inclined 
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towards  producing  new  compounds  of  our  most  expensive  ele- 
ment of  plant  food,  nitrogen.  Statistics  show  that,  at  the 
present  rate  of  consunij)tion,  it  is  only  a  matter  of  a  few 
years  before  the  supply  of  nitrate  of  soda  from  our  present 
source  will  become  exhausted.  This  will  become  a  very 
serious  matter,  unless  new  deposits  of  nitrate  are  discovered, 
or  science  shows  us  an  economical  method  of  utilizing  the 
inexhaustible  supply  of  atmospheric  nitrogen.  Attempts 
have  been  made  to  manufacture  nitric  acid  by  an  electrical 
method  which  utilizes  the  nitrogen  of  the  air,  and  which 
has  proven  more  or  less  successful.  Attempts  have  also  been 
made  to  combine  the  atmospheric  nitrogen  with  lime  to  form 
cyanimid  compounds.  This  method  has  also  been  successful, 
but  whether  these  cyanimid  compounds  will  prove  practical 
fertilizers  or  not  we  are  at  present  unable  to  say.  It  has 
long  been  known  that  cyanogen  compounds  are  poisonous  to 
plant  growth;  but  they  are  easily  decomposed,  and  it  is  pos- 
sible that  it  may  be  found  safe  to  use  them  by  applying  them 
to  the  soil  some  time  previous  to  the  planting  of  the  crop. 

During  the  year  we  have  heard  much  about  the  use  of 
ground  feldspar  and  granitic  rocks  as  a  source  of  potash. 
In  the  early  history  of  the  use  of  artificial  fertilizers,  potash 
in  the  form  of  silicates  was  recommended.  They  were,  how- 
ever, found  unsuitable  as  a  source  of  potash,  as  they  were 
not  easily  decomposed,  and  the  more  soluble  forms  of  potash 
soon  took  their  place.  It  is  a  well-known  fact  that  many 
soils  of  granitic  origin  are  benefited  by  an  application  of 
soluble  potash  compounds.  In  view  of  the  above  facts,  we 
would  caution  the  user  of  commercial  fertilizers  against  pur- 
chasing ground  feldspathic  rocks  as  a  source  of  potash. 
Through  a  process  of  electrolysis  and  endosmosis,  investi- 
gators have  succeeded  in  recovering  80  per  cent,  of  the  potash 
in  feldspathic  rocks.  In  this  age  of  cheapening  electrical 
power  it  may  not  be  impossible  that  this  process  may  be  suc- 
cessfully employed  to  economically  produce  potash  for  our 
future  needs  in  the  fertilization  of  agricultural  soils  for 
farm  crops. 

Following  is  a  partial  list  of  materials  forwarded  by 
farmers  during  the  year:  — 
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Soils 

55 

Leather  dust. 

Complete  fertilizers, 

45 

Tobacco  stems. 

Wood  ashes. 

41 

Kainit,  .... 

Cotton-seetl  meal, 

28 

Pigeon  manure,     . 

Nitrate  of  soda,     . 

13 

Clay,     .... 

Peruvian  guano,    . 

11 

Bone  soup,    .         .         .         . 

Carbonate  of  potash. 

7 

Peat,     .... 

Sulfate  of  potash,  . 

8 

Wool  washings,     . 

Ground  bones. 

6 

Arsenate  of  soda,  . 

Dry  ground  fish,   . 

6 

London  purple, 

Fine-ground  tankage,    . 

6 

Saltpeter  waste,     . 

Lime  ashes,  .         .         .         . 

6 

Bone  waste,  .         .         .         . 

Paris  green. 

6 

Horn  waste,  . 

Dried  blood, 

4 

Coal  ashes,    . 

Dissolved  bone  black,    . 

4 

Sludge  from  filter  beds, 

Muriate  of  potash. 

4 

Hoof  meal,    . 

Cotton  waste. 

4 

South  Carolina  rock  i^hosphat 

3,       1 

Sheep  manure, 

4 

Manure, 

Lime,    .... 

3 

Sulfate  of  ammonia. 

Dissolved  bone,     . 

3 

Steamed  bone. 

Sulfate  of  potash-magnesia. 

3 

Manure  and  lime. 

Nitrate  of  potash,  . 

3 

Bone  scrajj,  . 

Arsenate  of  lead,  . 

3 

Burned  bone. 

Acid  phosphate,     . 

.       4 

Carbonate  of  jjotash-magnesia 

1 

Phosphatic  slag,    . 

.       3 

Calcium  cyanimid. 

Oyster-shell  lime, 

2 

Washings  from  paper  mill. 

Linseed  meal, 

2 

Soft  coal  soot. 

Muck,  .... 

2 

Castor  pomace. 

Granite, 

2 

Nitrogenous  chalk. 

Talc,     .... 

.       2 

Peat  and  manure,  . 

Cotton-hull  ashes. 

2 

W^ool  waste. 

Leather  refuse, 

.       2 

River  mud,   . 

Glue  refuse. 

1 

Woodland  leaf  mold,     . 

Cave  deposit. 

1 

Miscellaneous, 

.     12 

Carbonate  of  lime. 

1 
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2.  Notes  on  Wood  Ashes  and  Lime  Ashes. 
(a)  Wood  Ashes. 
Eorty-one  samples  of  wood  ashes  have  been  forwarded  for 
analysis  by  farmers  during  the  past  year.  The  majority  of 
these  ashes  are  used  by  tlie  farmers  in  the  Connecticut  valley. 
The  following  table  shows  their  chemical  composition  as 
compared  with  1905  :  — ■ 

Analysis  of  Wood  Ashes. 


Number  of  Samples. 


Moisture  from  1  to  10  per  cent., 
Moisture  from  10  to  20  per  cent., 
3Ioisture  from  20  to  30  per  cent., 
Moisture  above  30  per  cent., 
Potassium  oxide  above  7  per  cent.,  . 
Potassium  oxide  from  6  to  7  per  cent., 
Potassium  oxide  from  5  to  6  per  cent., 
Potassium  oxide  from  4  to  5  per  cent.. 
Potassium  oxide  from  3  to  4  per  cent., 
Potassium  oxide  Ijelow  3  per  cent., . 
Pliosphoric  acid  above  2  per  cent.,  '. 
Phosphoric  acid  from  1  to  2  per  cent.. 
Phosphoric  acid  below  1  per  cent.,    . 
Average  per  cent,  of  calcium  oxide. 
Insoluble  matter  below  10  per  cent.. 
Insoluble  matter  from  10  to  15  per  cent. 
Insoluble  matter  above  l.'i  per  cent.* 


19 
10 

0 

3 

7 

6 

9 

9 

2 

1 
31 

6 
28.17 

3 
16 
18 


Table  showing   Maximum,   Minimum,  and  Average  Per   Cents,  of  the 
Different  Ingrcdiejits  fotmd  in  Wood  Ashes,  1905  and  1906. 


Maximum. 

Minimum. 

AVEKAOE. 

1903. 

1906. 

1905. 

1906. 

1905. 

1906. 

Moisture  at  100°  C. 

32.05 

26.17 

.02 

.65 

13.45 

14.78 

Potassium  oxide, 

8. 68 

7.54 

2.32 

2.75 

5.09 

5.02 

Phosphoric  acid, 

4.74 

2.90 

.38 

.44 

1.69 

1.28 

Calcium  oxide 

49.21 

35.60 

21.17 

19.28 

32.30 

28.17 

Insoluljle  matter, 

33.32 

30.25 

4.15 

4.04 

15.49 

16.02 
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A  comparison  of  the  figures  in  the  above  tables  shows  that 
the  ashes  analyzed  during  the  season  contained^  on  the  aver- 
age, less  potash,  phosphoric  acid  and  lime  and  more  water 
and  sand  than  during  the  previous  year.  This  emphasizes 
the  importance  of  buying  this  class  of  material  on  a  state- 
ment of  guarantee  of  potash,  phosphoric  acid  and  lime ;  also 
of  patronizing  those  importers  who  have  complied  with  our 
State  laws,  and  have  secured  licenses  for  the  sale  of  wood 
ashes  in  Massachusetts.  A  list  of  these  importers  will  be 
found  on  a  previous  page  of  this  report. 


(h)     Lime  Ashes. 

Table  showing  Maxinitim,  Miniinuni  and  Average  Per  Cents,  of  the 
Different  Ingredients  foxmd  in  Lime  Ashes,  1905  and  1906. 


Maximum. 

Minimum. 

Average. 

1903. 

1906. 

1905. 

1906. 

1903. 

1906. 

3Ioi8ture  at  100°  C 

19.35 

21.65 

.06 

none. 

11.18 

5.99 

Potassium  oxide, 

4.80 

3.72 

1.02 

1.44 

2.46 

2.54 

Pliosphoric  acid, 

1.58 

1.16 

.18 

.34 

.97 

.71 

Calcium  oxide 

63.44 

49.74 

37.56 

29.33 

49.34 

40.39 

Insoluble  matter, 

28.93 

34.93 

3.21 

4.04 

8.99 

9.51 

The  average  composition  of  lime  ashes  is  about  the  same 
as  for  the  previous  year. 
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EEPORT   OF   THE    CHEMIST. 


DIVISION  OF  FOODS  AND  FEEDING. 


J.    B.    LINDSEY. 

Chemists :  E  B.  Holland,  p.  h.  smith,  a.  c.  whittier,'  l.  s.  walker.^ 
Inspector   of   Feeds   and   Babcock   Machines :   F.  G.  uelyar,^  w.   k. 

HEI'BURN. 

Dairy  Tester:  s.  R.  tarker,"  h.  a.  parsons. 

In  Charge  of  Feeding  Experiments :  R.  F.  gaskill. 

Clerk  and  Stenographer:  mabel  c.  smith. 


Part  I.  —  Outline  op  the  Year's  Work. 
Correspondence. 
Summary  of  laboratory  work. 
Water  analysis. 

Dairy  products  and  cattle  feeds. 
Special  chemical  work. 
Execution  of  feed  law. 
Execution  of  dairy  law. 
The  testing  of  pure-bred  cows. 
Work  completed. 
Work  in  progress. 
Changes  in  staff. 

Part  II.  —  Work  in  Animal  Nutrition. 

The  digestibility  of  cattle  feeds. 

1  Resigned  July  1.  3  Resigned  Octolier  1. 

-  Since  July  1.  *  Resigned  June  1. 
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Part    I.  —  Outline    or    the   Year's   Work. 


J.    B.    LINDSEY. 


CoRRESrONDENCE. 

A  considerable  correspondence  is  carried  on  yearly  with 
farmers,  grain  dealers  and  other  station  workers.  ISTnnierons 
questions  are  asked  concerning  feeds  and  methods  of  feeding. 
The  execntion  of  the  dairy  and  feed  law  involves  the  exchange 
of  many  letters.  Letters  of  all  kinds,  sent  from  Dec,  15, 
1905,  through  Dec.  15,  190G,  approximated  3,200. 

Summary  of  Laboratory  Work. 

From  Dec.  15,  1905,  to  Dec.  15,  1906,  there  have  been 
received  and  examined  124  samj)les  of  water,  310  of  milk, 
1,799  of  cream,  152  of  feed  stuffs  and  2  miscellaneous.  In 
connection  with  experiments  made  by  this  and  other  divi- 
sions of  the  station,  there  have  been  examined,  in  whole  or 
in  part,  336  samples  of  milk  and  cream  and  187  of  cattle 
feeds.  There  have  also  been  collected  and  examined  703 
samples  of  cattle  feeds,  in  accordance  with  the  requirements 
of  the  feed  law.  The  total  for  the  year  has  been  3,613, 
as  compared  with  4,042  in  1905  and  4,261  during  1904. 
Work  with  condensed  milk,  molasses,  maple  sugar,  ash  and 
nitrogen,  not  included  in  the  above  summary,  has  been  car- 
ried on  for  the  Association  of  Official  Agricultural  Chemists. 
TAventy-three  candidates  have  been  examined  and  given  cer- 
tificates to  operate  Babcock  machines,  and  2,457  pieces  of 
Babcock  glassware  have  been  tested  for  accuracy  of  grad- 
uation. 

Water  Analysis. 

The  station  continues  to  make  sanitary  analyses  of  drink- 
ing waters,  at  a  charge  of  $3  each.  Special  jars  are  fur- 
nished,  together   with   full    instructions    for   collecting   and 
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forwarding  the  samj)les..  An  analysis  of  water  sent  in 
shippers'  jars  will  not  be  made,  neither  will  bacteriological 
nor  mineral  analyses  be  imdertaken. 

The  character  of  the  samples  received  has  been  much  the 
same  as  that  of  those  examined  in  previous  years.  •  They 
were  mostly  from  wells  or  springs,  which  frequently  were 
located  in  too  close  proximity  to  houses,  barns  and  outbuild- 
ings, and  received  the  drainage.  Samples  are  often  found 
contaminated  with  lead ;  the  station  can  only  repeat  its  warn- 
ing that  all  lead  pipe  be  discarded,  and  replaced  with  iron 
coated  with  asphaltum,  or  with  galvanized-iron  pipe. 

Daiky  Pkoducts  and  Cattle  Feeds. 

Farmers  and  dairymen  continue  to  send  samples  of  cream 
and  skim  milk  to  be  tested  for  butter  fat,  and  samples  of 
whole  milk  to  be  tested  for  both  solids  and  fat.  More  milk 
is  being  sold  for  market  purposes  than  formerly,  and  less 
made  into  butter.  The  inspection  of  the  quality  of  milk  is 
more  general  and  rigid  from  year  to  year.  Dairymen  wish 
to  ascertain  the  composition  of  milk  produced  by  individual 
cows  and  by  their  herds,  and  likewise  to  confirm  analyses 
reported  to  them  by  the  city  milk  inspectors  and  by  con- 
tractors. This  work  is  performed  gratis,  and  the  results 
reported  promptly,  together  with  such  remarks  and  sugges- 
tions as  special  cases  call  for.  One  creamery  sends  all  of  the 
cream  samples  to  be  tested  regularly,  and  others  send  occa- 
sional lots  when  not  in  condition  to  perforin  the  work.  A 
charge  sufficient  to  cover  the  cost  is  made  in  such  cases. 

Samples  of  feeds  (mostly  concentrates)  are  received  from 
farmers,  as  well  as  from  local  grain  dealers  and  jobbers. 
The  station  willingly  examines  such  material  without  charge, 
when  it  seems  that  the  conditions  warrant  it,  and  promptly 
reports  its  findings  with  suggestions  when  necessary.  It 
must  be  understood,  however,  that  it  cannot  become  the  free 
chemists  of  jobbers  and  manufacturers  who  wish  to  have 
analyses  made  purely  for  commercial  purposes. 
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Special  Chemical  Work. 
Tins  division  has  devoted  some  time  to  a  study  of  methods 
used  in  chemical  analysis,  in  co-operation  with  the  Associa- 
tion of   Official  Agricultural   Chemists.      The  work   under- 
taken was  as  follows :  — 

1.  A  comjiarison  of  the  Kjeldahl,  Kjeldahl-Gunning  and 
modified  Gunning  methods,  for  the  determination  of  total 
organic  nitrogen. 

2.  The  determination  of  available  organic  nitrogen  by  the 
neutral  permanganate  and  by  the  alkaline  permanganate 
methods. 

3.  A  study  of  the  Babcock  asbestos,  dish  and  sand,  and 
Gottlieb  methods,  Babcock  centrifugal  and  Leach  and  Far- 
rington  modifications  of  the  same,  for  the  determination  of 
fat  in  sweetened  and  unsweetened  condensed  milk. 

4.  Observations  in  the  determination  of  lactose  and  su- 
crose in  sweetened  and  unsweetened  condensed  milk,  by  aid 
of  Fehling's  solution,  the  copper  being  titrated  with  thio- 
sulfate. 

5.  Determinations  of  moisture,  ash,  protein,  dextrose  and 
sucrose  in  niassecuit,  sugar  and  molasses.  Considerable  time 
was  spent  in  a  special  study  of  different  methods  for  the  ac- 
curate determination  of  moisture  in  molasses,  which  has  not 
been  reported ;  it  will  be  published  when  sufficient  data  have 
been  secured  to  warrant  the  making  of  positive  deductions. 

6.  Determinations  of  total,  soluble  and  insoluble  ash  in 
pure  and  adulterated  maple  sugar,  as  well  as  the  alkalinity 
of  the  soluble  and  insoluble  ash. 

The  results  of  the  above  work  were  presented  to  the  asso- 
ciation, and  became  a  part  of  their  yearly  report.  It  was 
carried  out  by  Messrs.  Holland  and  Smith,  to  whom  due 
credit  should  be  given. 

In  addition  to  the  above,  work  is  now  in  progress  in  deter- 
mining the  water  and  starch  in  36  samples  of  j)otatoes. 
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Execution  of  the  Feed  Law   (Acts  of  1903,  Chapter 

122). 

The  methods  employed  in  carrying  out  the  provisions  of 
this  act  have  been  essentially  the  same  as  in  former  years. 
.  The  State  has  been  thoroughly  canvassed  twice,  the  first  time 
in  January,  February  and  March,  and  the  second  time  in 
August,  September  and  October.  The  inspector  also  spent 
the  larger  part  of  May  in  the  most  important  grain-consum- 
ing portions  of  the  State,  and  in  addition  made  several  short 
trips.  There  have  been  collected  and  examined  during  the 
■year  70S  samples  of  cattle  and  poultry  feeds.  Bulletin  ISTo. 
108,  containing  the  analyses  of  365  samples  collected  during 
the  autumn  of  1905,  was  issued  in  January,  1906.  Another 
bulletin  is  now  being  prepared  for  publication,  and  will  be 
issued  in  December  or  early  January.  In  addition  to  the 
regular  yearly  bulletin,  the  station  sends  out  many  letters  to 
dealers  and  manufacturers  concerning  the  values  of  feeds  and 
explanatory  of  the  feed  law. 

The  only  really  adulterated  feeds  now  on  the  market  con- 
sist of  mixtures  of  wheat  bran  and  corn  cobs.  Such  goods 
are  usually  properly  guaranteed,  but  it  is  believed  that  un- 
scrupulous dealers  are  inclined  to  remove  the  tags  before 
selling,  and  dispose  of  them  for  genuine  mixed  wheat  feeds. 

Cotton-seed  meal  oifered  in  local  markets  has  shown  a 
gradual  decline  in  quality  since  1902,  while  the  price  per 
ton  has  increased  steadily  since  1898.  Gluten  meal  and 
germ  oil  meal  are  no  longer  offered.  Distillers'  dried  grains 
are  easily  obtainable  at  reasonable  prices.  Brewers'  dried 
grains  of  excellent  quality  have  been  placed  in  Massachusetts 
markets  during  the  past  year. 

A  number  of  proprietary  grain  mixtures  or  ready  grain 
rations  for  dairy  stock  are  now  on  sale,  several  of  which  are 
quite  satisfactory;  the  price  asked,  however,  is  in  excess  of 
equally  desirable  mixtures  which  can  be  prepared  by  the 
dairymen  from  standard  concentrates  to  be  had  of  all  local 
grain  dealers. 

Mixtures  of  corn,  together  with  different  amounts  of  oat 
residues,   often   designated   stock   foods,    are   widely   distrib- 
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iited,  and,  judging  from  the  number  of  brands,  must  find  a 
ready  sale.  The  corn  is  frequently  of  poor  (quality,  being 
imperfectly  developed,  musty  and  sour.  The  price  asked 
is  usually  in  excess  of  their  real  value. 

The  number  of  brands  of  poultry  foods,  such  as  meat 
scraps,  meat  and  bone  meal,  poultry  meals  and  mashes,  chick 
and  scratching  grains,  is  increasing  from  year  to  year.  Poul- 
trymen  can  prepare  equally  as  desirable  mashes  or  scratching 
mixtures  for  25  cents  less  per  hundred  pounds.  Full  details 
concerning  the  great  variety  of  cattle  and  poultry  feeds  now 
for  sale  in  the  markets  of  the  State  may  be  found  by  con- 
sulting the  special  feed  bulletins. 

Execution  of  the  Dairy  Law  (Acts  of  1901,  Chapter 

202). 
The  station  has  done  its  best  to  carry  out  the  provisions  of 
this  law,  which  makes  it  obligatory  for  all  creameries  and 
milk  depots  in  the  State  employing  the  Babcock  test,  or  any 
other  test  for  determining  the  value  of  milk  or  cream,  to 
have  all  glassware  used  in  making  such  determinations  tested 
for  accuracy  of  graduation.  The  law  further  requires  that 
all  parties  intending  to  operate  such  machines  be  examined 
for  competency  by  the  proper  station  othcial.  The  station 
is  also  required  once  each  year  to  send  a  competent  party  to 
each  creamery  and  milk  depot  within  the  State  where  Bab- 
cock machines  are  in  use,  and  pronounce  upon  their  fitness 
for  the  work. 

(a)  Inspection  of  Glassware.  —  Each  piece  of  glassware 
found  to  be  correctly  graduated  has  the  letters  "  Mass  Ex 
St  "  etched  on.  There  were  examined  2,457  pieces,  of  which 
763,  or  31.05  per  cent.,  were  condemned.  This  record  shows 
gross  carelessness  on  the  part  of  some  manufacturers. 

(b)  Examination  of  Candidates.  —  Twenty-three  candi- 
dates have  been  examined  during  1906.  Some  were  well 
prepared,  while  others  were  refused  a  certificate  on  first  trial 
and  were  obliged  to  take  a  second  examination.  The  value 
of  the  law  requiring  the  inspection  of  glassware  and  the  ex- 
amination of  operators  is  made  especially  clear  by  the  above 
records. 
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(c)  Inspection  of  Bahcock  Machines.  —  The  inspection  of 
machines  the  present  year  has  been  in  charge  of  Mr.  William 
K.  Hepburn,  who  makes  the  following  report :  — 

The  annual  inspection  of  Babeock  machines  was  made  in  Novem- 
ber and  December  of  1906.  Fifty-one  places  were  either  visited  or 
heard  from,  but  of  these  only  33  came  under  the  law  requiring  in- 
spection. Those  not  coming  within  the  law  have  no  machine  in  many 
cases,  and  as  far  as  can  be  learned  neither  sell  nor  buy  on  the  test 
basis. 

Of  the  entire  number,  28  are  creameries  and  23  milk  depots. 
Nineteen  of  the  creameries  are  co-operative,  and  9  are  either  pro- 
prietary or  managed  by  stock  companies.  The  milk  depots  are  in 
nearly  eveiy  case  proprietary.  Thirty-three  machines  were  inspected 
and  found  in  good  condition,  only  1  needing  minor  repairs.  Nearly 
all  the  machines  in  use  have  cast-iron  frames,  and  of  these  16  are 
Facile,  8  Agos  and  3  Wizard.  In  addition  to  the  above,  there  were 
in  use  3  steam  machines  having  galvanized  frames  and  3  electrical 
machines.  In  a  few  cases  the  machines  still  overheat  the  tests,  but 
allowance  is  made  for  this  by  letting  them  run  a  little  longer  with  the 
cover  lifted. 

Most  of  the  glassware  was  found  in  good  condition,  although  a 
few  still  use  very  dirty  bottles,  —  a  practice  which  cannot  be  too 
strongly  condemned.  Beside  the  regular  inspection,  four  city  milk 
inspectors  were  visited;  they  did  not  care  to  have  their  machines 
tested. 

The  following  parties  claim  they  do  not  pay  on  the  Babeock 
basis,  but  by  the  sjDaee,  can,  100  pounds  or  quart :  — 

Amherst  Co-operative  Creamery. 

Fort  River  Creamery  of  Amherst. 

Leominster  Creamery. 

Echo  Farm  Dairy  of  South  Framingham. 

Fitchburg  Creamery. 

Boston  Dairy  Company  of  Gardner. 

James  Lawrence  Creamery  of  Groton. 

Este  Creamery  of  Marlborough. 

F.  D.  Shove  Creamery  of  West  Stockbridge. 

Wachusett  Creamery  of  Worcester. 

Worcester  Dairy  Company. 
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The  following  is  a  list  of  the  most  important  creameries 
and  milk  depots  now  in  operation :  — 


Creameries. 


Location. 


Name. 


President  or  Manager. 


Amherst,        .... 

Amherst 

Ashfield 

Belchertown, 

Cheshii-e  (P.  O.  Adams),    . 

Cheshire,       .... 

Cheshire,        .... 

Cummington, 

Easthampton, 

Egrcmont     (P.    O.    North 

Egremont). 
Heiith,     . 

Hinsdale, 

Lee, 

Leominster, 

Montague, 

Monterey, 

New  Salem  (P.  O.  Milling- 
ton). 
North  Brookfleld, 

Northfleld,      .       .       .       . 

Orange  (P.  O.  North  Or- 
ange). 

Sandisfleld  (P.  O.  New  Bos- 
ton). 

Shelburne, 

[J  X  bridge, 

Warren,  . 

Westfield, 

West  Newbury, 

Williamsburg, 

Worthington  (P.  O.  Ring 
ville). 


Amherst  Co-operative, 

Fort  River,    . 

Ashfleld  Co-operative, 

Belchertown  Co-operative, 

Greylock  Co-operative, 

Highland,      .... 

West  Shore,  .... 

Cummington  Co-operative, 

Hampton  Co-operative, 

Egremont  Co-operative, 

Cold  Spring,  .... 

Hinsdale   Creamery  Com- 
pany. 
Lee  Co-operative, 

Leominster,  .... 

Montague  Creamery,  . 

Berkshire  Hills  Co-opera- 
tive. 
New  Salem  Co-operative,  . 

North  Brookfleld, 

Northfleld  Co-operative, 

Orange  Co-operative,  . 

Berkshire  Co-operative,     . 

Shelburne,     .... 

Farnum's  Dairy,  . 

Worcester  County, 

Wyben  Spring  Co-opera- 
tive. 

West  Newbury  Co-opera- 
tive. 

WilliamsburgCo-operative, 

Worthington  Co-operative, 


F.  J.  Humphrey,  agent. 

E.  A.  King. 

G.  G.  Henry,  manager. 
M.  G.  Ward,  president. 
C.  J.  Fales,  president. 

C.  W.  Prince. 
S.  W.  Curtis. 

W.  E.  Partridge,  manager. 

W.  A.  Wright,  superintend- 
ent. 
H.  O.  Harrington,  manager. 

I.  W.  Stetson  &  Son. 

W.  C.  Solomon,  manager. 

P.  A.  Agnew,  manager. 

G.  S.  Wass  &  Co. 

F.  A.  Rist,  manager. 

D.  A.  Campbell,  manager. 

W.  A.  Moore,  superintend- 
ent. 
H.  A.  Richardson. 

L.  R.  Smith,  superintendent. 

C.  E.  Dunbar,  manager. 

L.  A.  Bonnel,  manager. 

C.  Williams,  manager. 

Geo.  Farnum. 

Gnstal  Hallberg,  manager. 

C.  H.  Wolcott,  manager. 
R.  S.  Brown,  manager. 

D.  T.  Clark,  manager. 
JI.R.  Bates,  superintendent. 
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2.     Milk  Depots. 


Location. 


Name. 


President  or  Manager. 


Beverly, 

Boston  (P.  O.  Roxbury), 

Boston     (P.     O.    Charles 

town) . 
Boston     (P.     O.    Charles 

town). 
Boston,    .... 

Boston      (P.    O.    Charles 

town). 
Cambridge,    . 

Conway,         ... 

Everett,  .... 

Framingham  (P.  O.  South 

Framingham) . 
Fitchburg, 

Gardner, 

Groton 

Lynn,      .... 

Marlborough, 

North  Adams, 

Sheffield, 

Southborough, 

Springfield,    , 

Springfield,    . 

AVest  Stockbridge, 

Worcester, 

Worcester,     . 


Cherry  Hill  Farm, 

Alden  Bros. 

Boston  Dairj'  Company,    . 

H.  P.  Hood  &  Sons,     . 

Walker  -  Gordon     Labora- 
tory. 
D.  Whiting  &  Sous,     . 

C.  Brigham  Company, 

Boston  Dairy  Company,     . 

N.  E.  Dairy  Company, 

Echo  Farm  Dairy, 

Fitchburg  Creamery,  . 

Boston  Dairy  Company,     . 

Lawrence  Creamery,  . 

H.  P.  Hood  &  Sons,     . 

Este's  Creamery, 

W.  11.  Freeman  Company, 

Willow  Brook  Dairy,  . 

Deerfoot  Farm  Dairy, 

Springfield     Co  -  operative 

Milk  Association. 
Tait  Bros.,     .... 

F.  D.  Shove  Creamery, 

Wacliusett  Creamerj^ 

Worcester  Dairy  Company, 


Henry  Fielden,  superintend- 
ent. 


W.  A.  Graustcin,  president. 

R.  A.  Hubbard,  manager. 
Geo.  Whiting,  manager. 
J.  R.  Blair,  superintendent. 
C.  P.  Hassel,  manager. 

F.  H.  Adams,  manager. 
J.  Turner. 

G.  S.  Learned. 

W.  Fitzsimmons,  manager. 
M.  P.  Swallow,  manager. 

E.  W.  Park,  manager. 

F.  S.  Este. 

W.  G.  McKay,  manager. 

G.  W.  Patterson,  manager. 

S.  H.  Howes,  superintend- 
ent. 

F.  B.  Allen,  manager. 

H.  J.  Tait,  president. 
C.  E.  Hardy,  manager. 
E.  H.  Thayer  &  Co. 

G.  R.  Bryant,  manager. 


The  Testing  of  Puee-bred  Cows. 
Breeders  of  Jersey  and  Guernsey  cows  in  Massachusetts 
continue  to  make  yearly  milk  and  butter  fat  tests  of  their 
stock  under  the  rules  of  their  respective  national  cattle  clubs. 
This  division  of  the  station  assists  in  the  work  by  furnishing 
rci)u table  parties  who  monthly  visit  each  herd  where  tests 
are  in  progress,  Aveigh  each  milking  during  twenty-four  or 
forty-eight  hours,  and  test  the  same  by  the  liabeock  for  the 
butter  fat  percentage.  The  cost  of  such  work  consists  of  the 
tester's  time  at  $2  to  $2.50  a  day,  together  with  his  travelling 
expenses,  board  and  breakage.  The  station  receiA^es  its  pay 
from  the  Jersey  or  Guernsey  clubs.  There  have  been  com- 
pleted during  the  year  24  Guernsey  and  38  Jersey  records, 
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and  at  f)resent  there  are  8  Guernseys  and  32  Jerseys  under- 
going yearly  tests.  Tests  are  likewise  being  conducted  for 
the  National  IIolstein-Friesian  Association.  These  are 
mostly  seven-day  tests  for  milk  and  butter  fat.  Occasionally 
breeders  test  their  animals  for  thirty  and  even  ninety  days. 
The  test  of  the  Ilolstein  cow  De  Kol  Creamelle  No.  59158, 
belonging  to  Mr.  D.  W.  Field,  which  yielded  in  one  hundred 
days  10,017  pounds  of  milk  containing  284.088  pounds  of 
fat,  was  made  by  Mr.  A.  D.  Guiel  of  this  station.  During 
the  year  72  Ilolsteins  have  been  tested,  requiring  the  ser- 
vices of  five  men  at  different  times  during  the  year.  The 
station  does  not  publish  the  results  obtained,  but  reports  the 
same  to  the  several  cattle  clubs,  and  keeps  a  duplicate  record 
on  file.  It  must  be  understood  that  the  making  of  appoint- 
ments for  tests,  the  furnishing  of  apparatus,  the  securing  of 
the  necessary  competent  men  and  the  verifying  of  the  re- 
sults require  considerable  time  and  thought,  and  necessarily 
interfere  with  the  other  work  of  this  department. 

WOEK    COMPLETED. 

Molasses.  —  There  has  been  completed  a  repeated  experi- 
ment with  Porto  Rico  molasses  as  a  food  for  dairy  stock. 
Digestion  tests  have  likewise  been  made,  in  which  it  is  shown 
that  molasses  depresses  the  digestibility  of  the  other  foods 
with  which  it  is  fed.  The  entire  results  will  be  published 
in  bulletin  form.  Porto  Rico  molasses  contains  some  1,100 
to  1,150  pounds  of  digestible  matter  to  the  ton,  and  has  about 
80  per  cent,  of  the  nutritive  value  of  corn  meal. 

Digestion  Experiments  with  Sheep.  —  A  large  number  of 
digestion  experiments  have  been  completed  with  sheep,  and 
are  published  as  Part  II.  of  this  report.  Among  the  feeds 
tested  may  be  mentioned  sorghum  fodder,  Green  Diamond 
sugar  feed,  different  amounts  of  molasses,  red  and  white 
wheats  and  feed  barley. 

The  Physiological  and  Economical  Value  of  Protein  in 
Milk  Secretion.  —  Three  experiments  have  been  completed 
concerning  the  protein  requirements  of  dairy  cows,  and  it  is 
intended  to  publish  the  results  in  the  next  annual  report.  It 
was  not  possible  to  collate  the  data  and  prepare  the  same  for 
publication  in  time  for  the  present  report. 
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WOEK    IN    PrOGKESS. 

Alfalfa  Meal.  —  An  experiment  is  at  present  in  progress 
to  study  the  value  of  alfalfa  meal  as  a  substitute  for  Avheat 
bran  in  milk  production.  It  is  understood  to  be  the  inten- 
tion of  feed  jobbers  in  the  near  future  to  place  alfalfa  meal 
upon  the  market  in  liberal  quantities  as  a  competitor  of  bran, 
claiming  it  to  be  equal  in  feeding  value  and  superior  in  its 
effect  upon  the  general  health  and  condition  of  the  animal. 
The  indications  are  that  these  claims  cannot  be  fullj  sub- 
stantiated. 

The  Effect  of  Molasses  upon  the  Digestibility  of  Other 
Feed  Stuffs.  —  German  investigators  have  long  since  estab- 
lished the  fact  that  the  addition  of  considerable  quantities 
of  starch,  sugar  and  roots  depresses  the  digestibility  of  the 
other  feeds  entering  into  the  composition  of  the  ration.  In 
our  previous  studies  with  Porto  Rico  molasses,  as  published 
elsewhere  in  this  report,  it  has  been  shown  that  when  molasses 
constituted  some  25  per  cent,  of  the  dry  matter  of  the  ration, 
a  depression  of  some  15  j^er  cent,  was  caused  in  the  digesti- 
bility of  the  latter.  Other  experiments  are  now  in  progress 
to  note  if  smaller  quantities  of  molasses  (10  per  cent,  of  the 
dry  matter  of  the  total  ration)  will  cause  relatively  as  large 
a  depression  as  twice  and  thrice  that  amount. 

The  Digestihility  of  Proprietary  Grain  Bations.  —  Nu- 
merous grain  mixtures  are  now  upon  the  market  as  ready 
rations  for  dairy  stock.  The  station  is  ascertaining  the  com- 
position and  particularly  the  digestibility  of  these  rations 
as  compared  with  home  mixtures  that  the  dair}^nen  can  pre- 
pare by  purchasing  the  high-grade  concentrates  to  be  had  in 
all  local  markets.  It  is  believed  that  most  of  these  proprie- 
tary mixtures  are  not  as  economical  nor  as  efficient  for  milk 
production  as  the  home  mixtures. 

Early  Amher  Sorghum.  —  The  station  has  continued  its 
observations  with  this  plant  as  a  summer  forage  crop.  Dif- 
ferent seedsmen  report  anywhere  from  50  to  100  pounds  of 
seed  to  be  necessary  for  an  acre  Avhen  sown  broadcast.  Three 
twentieth-acre  plots  were  fertilized  alike,  and  the  sorghum 
soA\Ti  broadcast  at  the  rate  of  100,  SO  and  GO  i)Ounds  to  the 
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acre.  The  yields  were  nearly  identical  in  each  case,  being 
at  the  rate  of  20  tons  of  green  material  to  the  acre  (har- 
vested September  3).  On  another  twentieth-acre  plot  the 
seed  was  drilled  in  at  the  rate  of  15  pounds  to  the  acre,  and 
a  yield  of  19  tons  to  the  acre  was  secured.  This  plot,  how- 
ever, was  very  weedy,  and  it  was  not  possible  to  separate  the 
weeds  >from  the  sorghum  before  weighing  the  crop.  It  is 
evident  that  when  so^ai  broadcast  (which  appeared  to  be 
the  most  economical  way  for  forage  purposes)  much  less 
seed  is  required  to  the  acre  than  is  ordinarily  recommended. 
It  is  intended  to  repeat  these  trials  with  smaller  quantities 
of  seed. 

Alfalfa.  —  Observations  have  been  continued  on  alfalfa 
as  a  forage  crop.  A  small  piece  seeded  in  the  spring  of  1905 
came  through  the  winter  in  good  condition,  and  yielded 
three  crops  the  present  season,  aggregating  3.65  tons  of  hay 
to  the  acre  (figured  at  15  per  cent,  moisture).  Cuttings 
were  made  June  25,  August  3  and  September  2.  A  growth 
of  six  or  more  inches  has  been  allowed  to  remain  as  a  mulch 
during  the  winter. 

A  second  piece,  one-sixth  of  an  acre  in  area,  on  which 
alfalfa  had  been  for  two  years  previously,  but  which  had 
run  out,  was  plowed  in  the  spring  of  1906,  manured  at  the 
rate  of  6  cords  to  the  acre,  limed  with  burnt  lime  at  the  rate 
of  1  ton  to  the  acre,  a  fine  seed  bed  made,  and  seeded  with 
seed  procured  from.F.  E.  Dawley,  Eayetteville,  N.  Y.  (lo- 
cally known  as  Stillwell  seed),  and  a  light  seeding  of  oats 
(%  bushel  to  the  acre).  The  seed  came  up  well,  and  the 
combined  alfalfa  and  oats  were  cut  during  July  for  forage. 
A  second  cutting  was  made  in  September.  A  third  growth 
of  six  inches  has  been  left  as  a  mulch.  It  remains  to  be  seen 
if  this  piece  as  well  as  the  other  above  mentioned  will  with- 
stand the  present  winter,  and  continue  to  grow  without  being 
replaced  by  clover  and  grasses.  A  fuller  report  will  be  made 
later. 

Learning  v.  Pride  of  the  North  Corn.  —  The  comparative 
values  of  these  two  standard  varieties  are  being  studied,  to 
ascertain  if  one  has  any  particular  advantage  over  the  other 
for  grain  and  silage  purposes.     Accurate  determinations  of 
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coiiiposition  and  total  yields,  as  well  as  of  composition  and 
yields  of  stalk,  leaves,  husks,  grain  and  cob,  have  been  made. 
The  digestibility  of  the  two  varieties  has  also  been  deter- 
mined. The  experiment  will  be  repeated  if  necessary  during 
the  season  of  1907,  and  the  completed  data  published  as 
soon  as  possible  thereafter. 

Clover.  —  Clover  was  seeded  together  with  peas  and  oats, 
barnyard  millet  and  sorghum  the  present  season,  to  see  if  it 
would  not  develop  after  these  crops  had  been  removed  for 
soiling.  If  such  were  the  case,  it  would  save  plowing  and 
replanting,  and  the  ground  would  be  immediately  occupied 
by  another  valuable  forage  crop.  The  clover  came  up  well 
in  all  cases,  but  naturally  was  outstripped  by  the  more  rap- 
idly growing  annuals.  After  the  three  seedings  of  peas  and 
oats  had  been  successively  cut,  the  clover  began  to  grow;  but 
a  considerable  growth  of  weeds  and  wild  grasses  also  ap- 
peared, so  that  the  heavy  cutting  which  was  made  about  the 
middle  of  September  contained  rather  more  grass  than  clover. 
It  is  possible  that  the  clover  will  come  in  well  in  the  spring. 
The  millet  and  the  sorghum  grew  so  dense  that  the  clover 
was  nearly  all  killed  out,  hence  it  did  not  appear  practicable 
to  attempt  its  growth  with  such  forage  crops. 

Changes  in  Staff. 
Mr.  S.  R.  Parker,  who  Avas  employed  for  two  years  as 
dairy  tester,  resigned  June  1,  to  accept  a  position  as  super- 
intendent of  agriculture  at  the  Kamehameha  Schools,  Hono- 
lulu, H.  T.  Plis  place  was  temporarily  filled  by  the  appoint- 
ment of  Mr.  J.  G.  Cook,  and  later  by  Mr.  H.  A.  Parsons, 
who  at  present  fills  the  position  most  acceptably.  On  August 
1  Mr.  Cook  resigned,  to  take  the  position  of  superintendent 
of  the  farm  connected  with  the  State  Asylum  for  the  Insane 
at  Northampton.  Mr.  A.  C.  Whittier,  who  so  acceptably 
filled  the  position  of  assistant  chemist  during  one  year,  sev- 
ered his  connection  with  this  division  July  1,  to  accept  a 
similar  and  more  lucrative  position  with  the  Maine  Experi- 
ment Station.  This  position  was  filled  by  the  appointment 
of  Mr.  L.  S.  Walker,  a  graduate  of  the  college  in  1905.  Mr. 
r.  G.  Ilelyar,  inspector  of  feeds  and  of  Babcock  machines, 
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resigned  October  1,  to  take  charge  of  the  agricultural  de- 
partment connected  with  Mt.  Ilernion  School,  Northfield, 
Mass.  Mr.  W.  K.  Hepburn  has  been  appointed  to  succeed 
him.  While  the  "writer  is  always  pleased  to  see  the  young 
men  connected  with  this  division  called  to  more  responsible 
positions,  it  must  be  acknowledged  that  such  changes  seri- 
ously interfere  with  the  work  of  the  station.  As  a  rule,  it  is 
believed  it  would  be  better  economy  to  pay  larger  salaries, 
and  retain  the  services  of  those  who  have  proved  themselves 
efficient  workers. 


p6  EXPERIMENT    STATION.  [Jan. 


Part   II.  —  Work  in  Animal   ]!!^utrition. 


J.  B.  LINDSEY,  E.  B.  HOLLAND  AND  P.  11.  SMITH. 


The  Digestibility  of  Cattle  Foods. 
The  digestion  experiments  herein  reported  were  made 
during  the  autumn,  winter  and  early  spring  of  1904-05  and 
1905-06,  and  are  known  as  Series  X  and  XI.  The  usual 
method  was  employed,  an  illustrated  description  of  which 
is  to  be  found  in  the  eleventh  report  of  the  Massachusetts 
Experiment  Station.  The  full  data  are  here  presented,  with 
the  exception  of  the  daily  production  of  manure  and  the 
daily  water  consumption,  in  which  cases,  to  economize  space, 
averages  only  are  given.  The  periods  extended  over  four- 
teen days,  the  first  seven  of  which  were  preliminary,  col- 
lection of  faeces  being  made  during  the  last  seven.  Ten 
grams  of  salt  were  given  each  sheep  daily,  with  water  ad 
libitum.  Three  lots  of  Southdown  wethers  were  employed 
in  the  several  trials,  and  were  known  as  the  Old  Sheep, 
Young  Sheep,  and  Paige  Sheep.  The  former  were  fully 
six  years  of  age,  and  the  latter  two  lots  three  to  four  years. 

Series  X. 
The  results  obtained  in  this  series  on  the  whole  can  be 
pnmounccd  satisfactory.  In  periods  I.,  II.,  III.  and  IV. 
the  same  hay  was  used  as  in  the  year  preceding,  and  the 
digestion  coefficients  employed  in  calculating  the  results  of 
these  several  periods  were  as  follows :  ^  — 

1  Sec  also  seventeenth  report  of  this  station,  page  46. 
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Old  Sheep 
II.  and  III. 

Young  Sheep 
I. 

Young  Sheep 

Young  Sheep 
III. 

Dry  matter, 

58.50 

49.89 

54.34 

51.53 

Ash 

22.00 

13.86 

22.60 

16.66 

Protein 

42.50 

37.37 

37.72 

36.36 

Fiber 

61.00 

49.98 

55.85 

63.13 

Nitrogen-free  extrnct, . 

64.00 

m.29 

59.77 

57.02 

Fat 

46.50 

38.24 

44.19 

36.97 

In  all  of  the  remaining  periods  a  new  lot  of  hay  was  used, 
and  the  folloAving  coefficients  were  employed,  being  the  av- 
erage of  those  secured  for  each  group  of  sheep :  — 


Old  Sheep. 


Young  Sheep. 


Paige  Sheep. 


Dry  matter,     . 

Ash 

Protein,    . 

Fiber, 

Nitrogen-free  extract, 

Fat,  .... 


60.72 
45.60 
53.69 
63.79 
&3.08 
60.24 


57.07 
43.64 
47.37 
.57.55 
61.11 
61.71 


57.98 
40.62 
63.61 
59.06 
61.41 
47.76 


The  composition  of  the  old  hay  used  in  the  first  four 
periods  was  taken  to  be  the  same  as  was  shown  by  the  two 
analyses  made  in  the  preceding  year.  The  composition  of 
the  new  hay  represents  the  average  of  three  analyses.  The 
average  of  the  several  analyses  follows :  — 


New  Hay, 
1904-05. 


Ash 

Protein, 

Fiber, 

Nitrogen-free  extract. 

Fat,     .... 


32.14 
48.66 
2.41 
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EXPERIMENT   STATION. 


[Jan. 


Composition  of  Feed  Stuffs  (Per  Cent.). 
[Dry  Matter.] 


Feeds. 

Ash. 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

Soy  bean  fodder 

9.17 

21.69 

27.83 

37.75 

3.56 

Blomo  feed, 

10.73 

17.23 

13.14 

58.28 

0.62 

Miilt  sprouts,    . 

6.58 

28.65 

15.29 

47;  70 

1.78 

Sucrene  dairy  feed. 

6.17 

18.48 

14.11 

56.95 

4.29 

Holstein  sugar  feed, 

7.31 

13.73 

10.88 

65.14 

2.94 

Macon  sugar  feed,  . 

6.83 

15.16 

10.20 

66.11 

1.70 

Hominy  feed,   . 

2.78 

11.59 

5.28 

71. .54 

8.81 

Bucliwheat  middlings. 

4.82 

28.23 

8.95 

50.61 

7.39 

Oat  middlings, 

2.61 

17.72 

2.56 

69.47 

7.64 

Eureka  silage  corn  stover,    . 

6.96 

8.00 

36.49 

47.16 

1.39 

Waste  Eureka  silage  com  stover 

Sheep  II., 

8.50 

6.71 

41.89 

41.89 

1.01 

Waste  Eureka  silage  corn  stover 

Sheep  III., 

7.45 

6.02 

42.84 

42.48 

1.21 

Pride  of  the  North  com  stover. 

6.77 

7.23 

34.45 

50.01 

1.54 

Waste  Pride  of  the  North  com  stover,  Sheep 

II. 
Waste  Pride  of  the  North  com  stover,  Sheep 

III. 
Digestion  hay  fed  to  Paige  Sheep  IV., 

7.64 

4.27 

40.94 

45.65 

1.50 

6.88 

7.82 

3.76 
8.56 

40.74 
32.35 

47.14 

48.75 

1.48 
2.. 52 

Digestion  hay  fed  to  Young  Sheep,    . 

8.43 

8.70 

32.17 

48.33 

2.37 

Digestion  hay  fed  to  Old  Sheep  and  Paige 

Sheep  V. 
Average  for  digestion  hay  (three  trials),  . 

8.35 
8.20 

8.80 
8.69 

31.89 
32.14 

48.62 
48.56 

2.34 
2.41 

Composition  of  Fceces  (Per  Cent.). 
[Dry  Matter.] 
Old  Sheep  IT. 


-a 
.o 

Feeds. 

Ash. 

Protein. 

Fiber. 

Extract 
Matter. 

Fat. 

II., 
IV., 

v., 

VII., 
IX., 
XL, 

Blomo  feed 

Sucrene  feed 

Eureka  silage  corn  stover,    . 
Pride  of  the  North  corn  stover,    . 

Digestion  hay 

Macon  sugar  feed, 

15.41 
11.92 
7.96 
9.54 
11.48 
13.17 

11.93 
12.32 
8.75 
8.81 
10.22 
12.90 

25.. 59 
26.50 
34.10 
30.27 
29.56 
27.09 

44.81 
47.05 
48.16 
50.17 
45.71 
44.26 

2.26 
2.21 
1.03 
1.21 
3.03 
2.58 
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Composition  of  Fences  (^Per  Cent.)  —  Concluded. 

Old  Sheep  III. 


II., 
IV., 

v., 

VII., 
IX., 
XI., 


Blomo  feed,  .... 
Sucrene  feed,  .... 
Eureka  silage  corn  stover,  . 
Pride  of  the  North  corn  stover, 
Digestion  hay,  .... 
Macon  sugar  feed,  . 


16.33 
12.53 

8.67 
10.63 
11.68 
13.57 


Protein. 


13.38 
13.04 
9.73 
9.41 
10.52 
13.75 


Fiber. 


23.99 

24.84 
30.51 
27.95 
29.23 
26.40 


Extract 
Matter. 


43.92 
47. .34 

50.05 
,50.84 
45.67 
43.90 


2.38 
2.25 

1.04 
1.18 
2.90 
2.38 


Yoimg  Sheep  I. 


I-. 

Soy  bean  fodder, 

13.22 

10.02 

36.33 

37.43 

3.00 

III., 

Malt  sprouts, 

12.97 

11.19 

27.80 

45.42 

2.62 

VIII., 

Digestion  hay, 

10.92 

10.26 

32.09 

44.01 

2.72 

X., 

Holstein  sugar  feed 

13.10 

12.80 

28.36 

43.50 

2.24 

XIII., 

Buckwheat  middlings 

11.52 

11.74 

32.08 

41.79 

2.87 

Young  Sheep  IT. 

I-, 

Soy  V)ean  fodder, 

13.19 

10.36 

36.24 

37.20 

3.01 

III., 

Malt  sprouts, 

13.11 

11.72 

26.74 

45.93 

2.50 

VIII., 

Digestion  hay 

11.57 

11.18 

30.46 

44.06 

2.73 

X., 

Holstein  sugar  feed 

13.06 

12.80 

27.49 

44.32 

2.33 

XIII., 

Buckwheat  middlings,    .... 

11.23 

12.84 

31.65 

41.58 

2.70 

Young  Sheep  III. 


I., 

Soy  bean  fodder,      ..... 

13.40 

9.72 

36.36 

37.64 

2.88 

III., 

Malt  sprouts 

12.93 

11.20 

28.13 

45.28 

2.46 

VIII., 

Digestion  hay, 

10.75 

10.60 

32.81 

43.29 

2.55 

X., 

Holstein  sugar  feed 

11.65 

11.42 

30.23 

44.41 

2.29 

XIII., 

Buckwheat  middlings 

10.62 

11.31 

32.98 

42.26 

2.83 

Paige  Sheep  IV. 


VI., 

Digestion  hay, 

11.61 

9.90 

30.66 

44.91 

2.92 

XII., 

Hominy  feed 

12.17 

12.75 

27.63 

43.68 

3.77 

XIV., 

Oat  middlings, 

12.52 

12.52 

28.81 

42.82 

3.33 

Paige  Sheep  V. 


IX., 

Digestion  hay 

11.23 

9.24 

31.93 

44.49 

3.11 

XII., 

Hominy  feed, 

11.02 

11.69 

28.64 

44.93 

3.72 

XIV., 

Oat  middlings, 

11.81 

12.39 

29.35 

43.31 

3.14 
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Dry  Matter  Determinations  made  at  Time  of  weighing  out  the  Different 
Foods,  and  Dry  Matter  in  Manure  excreted,  determined  from  Air- 
dry  Fceces  (Per  Ceid.). 

Old  Sheep  II. 


Peeiods. 

English 
Hay. 

Blomo 
Feed. 

Sucrene 
Feed. 

Eureka 

Silage 

Corn 

Stover. 

Pride  of 

the  North 

Corn 

Stover. 

Macon 
Sugar 
Feed. 

Waste. 

Faeces, 

11., 

87.70 

81.77 

- 

- 

- 

- 

- 

91.35 

IV., 

87.35 

- 

86.87 

- 

- 

- 

- 

93.61 

v.. 

- 

- 

- 

37.11 

-- 

- 

43.15 

94.16 

VII., 

- 

- 

- 

- 

81.87 

- 

88.89 

94.22 

IX., 

89.77 

- 

- 

- 

- 

- 

- 

95.03 

XL, 

90.30 

- 

- 

- 

- 

94.45 

- 

93.96 

Old  Sheep  III. 


II., 

87.70 

81.77 

- 

- 

- 

- 

- 

91.42 

IV., 

87.35 

- 

86.87 

- 

- 

- 

- 

93.64 

v., 

- 

- 

- 

37.11 

- 

- 

45.63 

93.96 

VII., 

- 

- 

- 

- 

81.87 

- 

85.63 

94.03 

IX., 

89.77 

- 

_ 

- 

- 

- 

- 

94.84 

XI., 

90.30 

- 

- 

- 

- 

94.45 

- 

93.57 

Dry  Matter  Detei^minations,  etc.  —  Continued-. 

Young  Sheep  I. 


Periods. 

English 
Hay. 

Soy  Bean 
Fodder. 

Malt 
Sprouts. 

Holstein 
Sugar 
Feed. 

Buckwheat 
Middlings. 

Waste. 

FiBces. 

I.,         ... 
III., 

VIII 

X 

XIII., 

88.40 
88.02 
88.. 52 
89.90 
90.55 

20.64 

84.68 

91.66 

90.74 

- 

89. .51 
93.09 
93.97 
94.15 
94.40 

Young  Sheep  II. 


I 

88.40 

20.64 

- 

- 

- 

- 

89.44 

III., 

88.02 

- 

84.68 

- 

- 

- 

92.93 

VIII., 

88.52 

- 

- 

- 

- 

- 

94.01 

X., 

89.90 

- 

- 

91.66 

- 

- 

94.19 

XIII., 

90.55 

- 

- 

- 

90.74 

- 

93.91 
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Brxj  Mailer  Determinations,  etc.  —  Continued. 

Young  Sheep  III. 


Periods. 

English 
Hay. 

Soy  Bean 
Fodder. 

Malt 
Sprouts. 

Holstein 
Sugar 
Feed. 

Buckwheat 
Middlings. 

Waste. 

Faaces. 

I.,         ... 
IV.,         .        .        . 
VIII., 

X 

XIII 

88.40 
88.02 
88.53 
89.90 
90.55 

20.64 

84.  (i8 

91.66 

90.74 

89.54 
93.13 
93.91 
94.35 
94.28 

Dry  Matter  Dcterminaiions,  etc.  —  Concluded. 
Paige  Sheep  IV. 


Periods. 

English  - 
Hay. 

Hominy 
Feed. 

Oat 
Middlings. 

Waste. 

Faeces. 

VI., 

XII 

XIV 

88.35 
90.62 
90.45 

90.94 

91.07 

- 

93.35 

94.09 
93.73 

Paige  Sheep  V. 


IX. 
XII., 
XIV., 


89.77 
90.62 
90.45 


91.07 


95.08 
94.20 
93.52 


Average  Daily  Amount  of  Manure  excreted  and  Water  drank  (^Orams). 

Old  Sheep  II. 


Character  op  Ration. 


Manure 

excreted 

daily. 


Sample 
Air  Dry. 


Water 
drank  daily. 


II., 
IV. 

v., 

VII. 
IX., 
XI., 


Blomo  feed 

Sucrene  feed 

Eureka  silage  corn  stover,      .       .       ,       . 
Pride  of  the  North  corn  stover, 

Digestion  hay 

Macon  sugar  feed 

Old  Sheep  III. 

Blonio  feed 

Sucrene  feed 

Eureka  silage  com  stover,      .       .       .       . 
Pride  of  the  North  corn  stover. 

Digestion  hay 

Macon  sugar  feed 


671 
751 
765 
1,058 
775 
739 


32.80 
31.15 
31.07 
37.63 
.32., 54 
31.99 


1,306 
1,144 
lost. 
1,667 
1,643 
1,592 


II., 
IV., 

v., 

VII., 
IX., 
XI., 


921 
1,123 
1,107 
1,155 


30.83 
32.31 
28.91 
34.40 
34.30 
31.21 


1,.')78 
1,606 
804 
2,500 
2,430 
2,227 
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EXPERIMENT   STATION 


[Jan. 


Average  Daily  Amotinf  of  Manure  excreted  and  Water  drank  ( Orams) 

—  Concluded. 

Toung  Sheep  I. 


PM 


Charactek  of  Ration. 


Manure 

excreted 

daily. 


Sample 
Air  Dry. 


Water 
drank  daily. 


III.. 

VIII, 

X., 

XIII. 


Soy  bean  fodder, 
Malt  sprouts,      .       . 
Digestion  hay,   . 
Holstein  sugar  feed, 
Buckwlieat  middlings, 


61.5 
870 
961 
1,008 
743 


30.28 
30.43 
33.17 
29.21 
28.62 


188 
1,392 
1,693 
1,608 
1,689 


Young  Sheej}  IT. 


I-. 

III., 

VIII., 

X., 

XIII., 


Soy  bean  fodder. 
Malt  sprouts. 
Digestion  bay,    . 
Holstein  sugar  feed, . 
Buckwheat  middlings. 


1,169 
2,334 
2,471 
2,249 
2,410 


Young  Sheep  III. 


I-, 

Soy  bean  fodder 

638 

32.68 

1,666 

III., 

Malt  sprouts, 

791 

30.86 

2,486 

VIII., 

Digestion  bay,    .       .       .     \ 

1,1.52 

33.02 

2,500 

X., 

Holstein  sugar  feed, 

743 

29.30 

2,335- 

XIII., 

Buckwheat  middlings, 

699 

29.59 

2,486 

Paige  Sheep  IV. 


VI., 

IX., 

XII., 

XIV., 


Digestion  hay,  . 

Digestion  hay,  . 
Hominy  feed. 

Oat  middlings,  . 


1,138 

1,901 
1,924 


Paige  Sheep   V. 

Digestion  bay, 

Digestion  haj', 

Hominy  feed, 

Oat  middlings 


VI., 

IX., 

XII., 

XIV., 


1,924 
1,666 
1,814 
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Weights  of  Animals  at  Beginning  and  End  of  Period  (Po7mds). 
Old  Sheep  II. 


Characteu  op  Ration. 


Beginning. 


End. 


II., 
IV., 

v., 
vir., 

IX., 
XI., 


Blomo  feed 

Sucrene  feed,    .... 
Eureka  silage  corn  stover, 
Pride  of  the  North  coi-n  stover, 

Digestion  hay 

Macon  sugar  feed,    . 


154.75 

156.50 
li56.50 
154.50 
158.25 
160.00 


LV2.00 
1.57.75 
1.54.00 
1.57.00 
157.25 
157.75 


Old  Sheep  III. 


II., 
IV., 

v., 

VII., 
IX., 
XI., 


Blomo  feed 

Sucrene  feed 

Eureka  silage  corn  stover, 
Pride  of  the  North  corn  stover, 
Digestion  hay,   .... 
Macon  sugar  feed,    . 


163.00 
164.23 
163.25 
164.50 
167.00 
164.00 


160.00 
162.25 
163.00 
161.00 
165.25 
164.25 


Young  Sheep  I. 


I-. 

III., 

VIII., 

X., 

XIII., 


Soy  bean  fodder, 

Malt  sprouts,     . 
Digestion  hay,   . 
Holstein  sugar  feed, 
Buckwheat  middlings, 


101.50 
109.50 
120.00 
116.00 
113.00 


99.75 
109.75 
116.00 
114.25 
114.00 


Young  Sheep  II. 

I-. 

Soy  bean  fodder, 

102.50 

101.00 

III., 

Malt  sprouts, 

110.50 
122.00 

108.50 

VIII., 

Digestion  hay,    . 

120.00 

X., 

Holstein  sugar  feed, 

115.75 

116.00 

XIII., 

Buckwheat  middlings, 

115.25 

116.00 

Young  Sheep  III. 


I-, 

III., 

VIII., 

X., 

XIII., 


Soy  bean  fodder, 
Malt  sprouts, 
Digestion  hay,   . 
Holstein  sugar  feed, 
Buckwheat  middlings. 


97.00 
102.25 
111.00 
106.00 
106.50 


95.75 
101.50 
107.50 
106.00 
106.50 
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Weights  of  Animals,  etc.  —  Concluded. 

Paige  Sheep  IV. 


Character  of  Ration. 


Beginning. 


End. 


VI., 

IX., 

XII., 

XIV., 


Digestion  hay 

Digestion  hay, 

Hominy  feed 

Oat  middlings, 

Paige  Sheep  V. 

Digestion  hay 

Digestion  hay 

Hominy  feed, 

Oat  middlings 


156.00 


154.. 50 
155., 50 


155.50 


152.00 
155.00 


VI., 

IX., 

XII., 

XIV., 


137.75 
140.25 
143.25 


Period  I. 

Young  Sheep  I. 


Daily  Record. 

Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

350  grams  English  hay  fed,     . 
1,800  grains  soy  bean  fodder  fed, 

309.40 
371.52 

19.93 
34.07 

19.31 

80.58 

100.49 
103.39 

163.05 
140.25 

6.62 
13.23 

Amount  consumed,  . 

302.84  grams  manure  excreted. 

680.92 
271.07 

54.00 
35.84 

99.89 
27.16 

203.88 
98.48 

303.30 
101.46 

19.85 
8.13 

Grams  digested. 
Minus  hay  digested. 

409.85 
154.36 

18.16 
2.76 

72.73 
7.22 

105.40 
50.22 

201.84 
91.78 

11.72 
2.65 

Soy  hean  fodder  digested. 
Per  cent,  digested,    . 

255.49 
68.77 

15.40 
45.20 

65.51 
81.30 

55.18 
53.37 

110.06 

78.47 

9.17 
69.31 

Young  Sheep  II. 


Amount  consumed  as  above, . 
307.13  grams  manure  excreted, 

680.92 
274.70 

54.00 
36.23 

99.89 
28.46 

203.88 
99.55 

303.30 
102.19 

19.85 
8.27 

Grams  digested 

Minus  hay  digested,        .... 

406.22 
168.13 

17.77 
4.50 

71.43 

7.28 

104.33 
56.12 

201.11 
97.45 

11.58 
2.93 

Soy  bean  fodder  digested. 

Per  cent,  digested 

238.09 
64.09 

13.27 
38.95 

64.15 
79.61 

48.21 
46.63 

103.66 
73.91 

8.65 
65.38 
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Period  I.  —  Concluded. 

Young  Sheep  III. 


Daily  Record. 

Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Amount  consumed  as  above, . 
SiO. 78  grams  manure  excreted, 

680.92 
292.60 

54.00 
39.21 

99.89 

28.44 

203.88 
106.39 

303.30 
110.13 

19.85 
8.43 

Grams  digested 

Minus  hay  digested 

388.32 
159.43 

14.79 
3.30 

71.45 

7.08 

97.49 
53.39 

193.17 
92.97 

11.42 
2.45 

Soy  bean  fodder  digested, 

Per  cent,  digested 

228.89 
61. Gl 

11.49 
33.72 

64.37 

79.88 

44.10 
42.65 

100.20 
71.44 

8.97 
67.80 

Average  per  cent,  three  sheep  digested, 

64.82 

39.29 

80.26 

47.55 

74.61 

67.50 

Average  nutritive  ratio  of  rations  for  three  sheep,  1 : 4.54. 


Period  II. 
Old  Sheep  II. 


DAn,Y  Recced. 

Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

500  grams  English  hay  fed,    . 
400  grams  Blomo  feed  fed. 

438.50 
327.08 

28.24 
35.10 

27.36 
56.36 

142.42 

42.98 

231.09 

190.62 

9.38 

2.03 

Amount  consumed,  . 

328.04  grams  manure  excreted. 

765.58 
299.66 

63.34 
46.18 

83.72 
35.75 

185.40 

76.68 

421.71 
134.28 

11.41 

6.77 

Grams  digested, 
Minus  hay  digested. 

465.92 
256.52 

17.16 
6.21 

47.97 
11.63 

108.72 

86.88 

287.43 
147.90 

4.64 
4.36 

Blomo  feed  digested, 
Per  cent,  digested,    . 

209.40 
64.02 

10.95 
31.20 

36.34 
64.48 

21.84 
50.81 

139.53 
73.20 

.28 
13.79 

Old  Sheep  III. 


Amount  consumed  as  above, . 
308.33  grams  manure  excreted,      . 

765.58 

281.88 

63.34 
46.03 

83.72 
37.72 

185.40 
67.62 

421.71 

123.80 

11.41 
6.71 

Grams  digested, 

Minus  hay  digested,         .... 

483.70 
256.52 

17.31 
6.21 

46.00 
11.63 

117.78 
86.88 

297.91 
147.90 

4.70 
4.36 

Blomo  feed  digested 

Per  cent,  digested, 

227.18 
69.46 

11.10 
31.62 

34.37 
60.98 

30.90 
71.89 

150.01 
78.70 

.34 
16.75 

Average  per  cent,  two  sheep  digested. 

66.74 

31.41 

62.73 

61.35 

75.95 

15.27 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 : 8.86. 
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EXPERIMENT   STATION, 


[Jan. 


Period  III. 

Young  Sheep  I. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

600  grams  English  hay  fed,     . 
200  grams  malt  sprouts  fed,    . 

528.12 
169.36 

34.01 
11.14 

32.95 
48.52 

171.53 
25.90 

278.32 

80.78 

11.30 
3.01 

Amount  consumed 

304. 2-t  grams  manure  excreted, 

697.48 
283.22 

45.15 
36.73 

81.47 
31.69 

197.43 

78.74 

359.10 
128.64 

14.31 
7.42 

Grams  digested, 

Minus  hay  digested,         .... 

414.26 
263.48 

8.42 
4.71 

49.78 
12.31 

118.69 
85.73 

230.46 
156.67 

6.89 
4.32 

Malt  sprouts  digested 

Per  cent,  digested 

150.78 
89.03 

3.71 
33.30 

37.47 
77.23 

32.96 

100+ 

73.79 
91.35 

2.57 

85.38 

Young  Sheep  II. 


Amount  consumed  as  above. 

697.48 

45.15 

81.47 

197.43 

359.10 

14.31 

304.81  grams  manure  excreted, 

283.26 

37.14 

33.20 

75.74 

130.10 

7.08 

Grams  digested 

414.22 

8.01 

48.27 

121.69 

229.00 

7.23 

Minus  hay  digested 

286.98 

7.69 

12.43 

95.80 

166.35 

4.99 

Malt  sprouts  digested 

127.24 

.32 

35.84 

25.89 

62.65 

2.24 

Per  cent,  digested 

75.13 

2.87 

73.87 

100.00 

77.56 

74.42 

Young  Sheep  III. 


Amount  consumed  as  above, . 
308.60  grams  manure  excreted, 

697.48 
287.40 

45.15 
37.16 

81.47 
32.19 

197.43 

80.85 

359.10 
130.13 

14.31 
7.07 

Grams  digested, 

Minus  hay  digested,         .       .       . 

410.08 
272.14 

7.99 
5.63 

49.28 
12.08 

116.56 
91.13 

228.97 
158.70 

7.24 
4.18 

Malt  sprouts  digested 

Per  cent,  digested, 

137.94 
81.45 

2.36 
21.18 

37.20 
76.67 

25.45 
98.26 

70.27 
86.99 

3.06 
100+ 

Average  per  cent,  three  sheep  digested, 

81.87 

19.12 

75.92 

99.42 

85.30 

86.60 

Average  nutritive  ratio  of  rations  for  three  sheep,  1 ;  7.43. 
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Period  IV. 
Old  Sheep  II. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiher. 

Nitrogen- 
free 
Extract. 

Fat. 

600  grams  English  hay  led,     . 
300  grams  Sucrene  dairy  feed  fed, 

524.10 
260.61 

33.75 

16.08 

32.70 
48.16 

170.23 
36.77 

276.20 
148.42 

11.22 
11.18 

Aniouut  consumed 

311.47  grams  manure  excreted, 

784.71 
291  ..57 

49.83 
34.76 

80. S6 
35.92 

207.00 

77.27 

424.62 
137.18 

22.40 
6.44 

Grams  digested 

Minus  hay  digested 

493.14 
306.60 

15.07 
7.43 

44.94 
13.90 

129.73 
103.84 

287.44 
176.77 

15.96 
5.22 

Sucrene  dairy  feed  digested, . 

Per  cent,  digested 

186.54 
71.58 

7.64 
47.51 

31.04 
64.45 

25.89 
70.41 

110.67 
74.57 

10.74 
96.06 

Old  Sheep  III. 


Amount  consumed  as  above, . 
323.07  grams  manure  excreted, 

784.71 
302.52 

49.83 
37.91 

80.86 
39.45 

207.00 
75.15 

424.62 
143.21 

22.40 
6.81 

Grams  digested, 

Minus  hay  digested 

482.19 
306.60 

11.92 
7.43 

41.41 
13.90 

131.85 
103.84 

281.41 
176.77 

15.59 
5.22 

Sucrene  dairy  feed  digested,  . 

Per  cent,  digested, 

175.59 

67.38 

4.49 
27.92 

27.51 
57.12 

27.01 
73.46 

104.64 
70.50 

10.37 
92.75 

Average  per  cent,  two  sheep  digested, . 

69.48 

37.72 

60.79 

71.94 

72.54 

94.41 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 :  10.4. 


Period  V. 

Old  Sheep  II. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

1,800  grams  Eureka  silage  corn  stover. 
Minus  89  grams  waste 

667.98 
38.40 

46.49 
3.26 

53.44 

2.58 

243.75 
16.09 

315.02 
16.09 

9.28 
.38 

Amount  consumed, 

310.74  grams  manure  excreted. 

629.58 
292.59 

43.23 
23.29 

50.86 
25.60 

227.66 
99.77 

298.93 
140.91 

8.90 
3.01 

Grams  digested, 

Per  cent,  digested 

336.99 
53.53 

19.94 
46.13 

25.26 
49.67 

129.89 
56.18 

158.02 
52.86 

5.89 
66.18 
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EXPERIMENT   STATION. 


[Jan. 


Period  V.  —  Concluded. 

Old  Sheep  III. 


Daily  Record. 

Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

1,800  grams  Eureka  sUagc  corn  stover, 
Minus  133.20  grams  waste, 

667.98 

60.78 

46.49 
4.53 

53.44 
3.66 

243.75 

26.04 

315.02 

25.82 

9.28 
0.74 

Amount  consumed 

289.07  grams  manure  excreted, 

607.20 
271.61 

41.96 
23.55 

49.78 
26.43 

217.71 

82.87 

289.20 
135.94 

8.54 

2.82 

Grams  digested 

Per  cent,  digested 

335.59 
55.27 

18.41 

43.88 

23.35 
46.91 

134.84 
61.94 

153.26 
52.99 

5.72 
66.98 

Average  per  cent,  two  sheep  digested, 

54.40 

45.01 

48.29 

59.06 

52.93 

66.58 

Average  nutritive  ratio  of  rations  for  two  slieep,  1: 12.3. 

Period  VI. 
Paige  Sheep  IV. 


Daily  Record. 

Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

800  grams  English  hay  fed,     . 
321.50  grams  manure  excreted. 

706.80 
300.12 

55.27 
34.84 

60.50 
29.71 

228.65 
92.02 

344.57 
134.78 

17.81 
8.76 

Grams  digested, 

Per  cent,  digested,    .       .       .       .       . 

406.68 
57.54 

20.43 
36.96 

30.79 
50.89 

136.63 
59.76 

209.79 
60.88 

9.05 
50.81 

Nutritive  ratio  of  ration,  1 :  11.9. 


Period  VII. 
Old  Sheep  II. 


Daily  Record. 

Dry 

Matter. 

Ash. 

Protem. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

1,000  grams  Pride  of  the  North  corn 

stover. 
Minus  74.64  grams  waste, 

818.70 
66.35 

55.43 
5.07 

59.19 
2.83 

282.04 
27.16 

409.43 
30.29 

12.61 

1.00 

Amount  consumed, 

376.31  grams  manure  excreted,      . 

752.35 
354.56 

50.36 
33.83 

56.. 36 
31.24 

254.88 
107.33 

379.14 

177.88 

11.61 
4.29 

Grams  digested, 

Per  cent,  digested 

397.79 

52.87 

16.53 
32.82 

25.12 

44.57 

147.55 

57.89 

201.26 
53.08 

7.32 

as-o-i 
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Period  VII.  —  Concluded. 

Old  Sheep  III. 


Daily  Record. 

Dry 

Matter. 

Asli. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

1,000  grams  Pride  of  the  North  corn 

stover. 
Minus  115.45  grams  waste, 

818.70 
98. 8C 

55.48 

6.80 

59.19 

3.72 

282.04 
40.28 

409.43 
46.60 

12.61 
1.46 

Amount  consumed, 

344.01  grams  manure  excreted, 

719.84 
323.47 

48.03 
34.35 

55.47 
30.44 

241.76 
90.41 

362.83 
164.45 

11.15 
3.82 

Grams  digested,        .       .       .        . 
Per  cent,  digested, 

396.37 
55.06 

14.28 
29.36 

25.03 
45.12 

151.35 

62.60 

198.38 
54.68 

7.33 

65.75 

Average  per  cent,  two  sheep  digested, 

53.97 

31.09 

44.85 

60.25 

63.88 

64.40 

Average  nutritive  ratio  of  rations  for  two  sheep,  1: 14.6. 

Period  VIII. 

Young  Sheep  I. 


Daily  Recced. 

Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

800  grams  English  hay  fed,     . 
331.74  grams  manure  excreted, 

708.16 
.311.74 

59.70 
34.04 

61.61 
31.98 

227.82 
100.04 

342.25 
137.20 

16.78 

8.48 

Grams  digested 

Per  cent,  digested, 

396.42 
55.98 

25.66 
42.98 

29.63 
48.09 

127.78 
56.09 

205.05 
59.91 

8.30 
49.46 

Young  Sheep  II. 


800  grams  EngUsh  hay  fed,     . 
308.60  grams  manure  excreted. 
Grams  digested. 
Per  cent,  digested,    . 


708.16 
290.11 


418.05 
59.03 


59.70 
33.57 


26.13 

43.77 


61.61 
32.43 


29.18 
47.36 


227.82 
88.37 


139.45 
61.21 


342.25 

127.82 


214.43 

62.65 


16.78 
7.92 


8.86 
52.80 


Young  Sheei 

in. 

800  grams  EngUsh  hay  fed,     . 
330.18  grams  manui-e  excreted. 

ested. 

708.16 
310.07 

59.70 
33.33 

61.61 

32.87 

227.82 
101.73 

342.25 
134.23 

16.78 
7.91 

Grams  digested. 
Per  cent,  digested,    . 

398.09 
56.21 

26.37 
44.17 

28.74 
46.65 

126.09 
55.35 

208.02 
60.78 

8.87 
52.86 

Average  per  cent,  three  sheep  dig 

57.07 

43.64 

47.37 

57.55 

61.11 

51.71 

Average  nutritive  ratio  of  rations  for  three  sheep,  1: 12.3. 
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EXPERIMENT    STATION. 


[Jan . 


Period  IX. 

Old  Sheep  II. 


Daily  Kecord. 

Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

900  grams  English  hay  fed,     . 
325.43  grams  manure  excreted, 

807.93 
309.26 

67.46 
35.50 

71.10 
31.61 

257.65 
91.42 

392.82 
141.36 

18.91 
9.37 

Grams  digested 

Per  cent,  digested 

498.67 
01.72 

31.96 
47.36 

39.49 
55.54 

166.23 
64.52 

251.46 
64.01 

9.54 
50.45 

Old  Sheep  III. 


900  grams  English  hay  fed,     . 

807.93 

67.46 

71.10 

257.65 

392.82 

18.91 

343  grams  manure  excreted,  . 

.325.30 

38.00 

34.22 

95.09 

148.56 

9.43 

Grams  digested, 

482.63 

29.46 

36.88 

162.56 

244.26 

9.47 

Per  cent,  digested, 

59.74 

43.67 

51.87 

63.09 

62-18 

50.08 

Paige  Sheep  V. 


800  grams  English  hay  fed,     . 
314.13  grams  manure  excreted, 

718.16 

298.67 

59.97 
33.54 

63.20 

27.60 

229.02 
95.37 

349.17 
132.88 

16.80 
9.29 

Grams  digested 

Per  cent,  digested 

419.49 
.58.41 

26.43 
44.07 

35.60 
56.33 

133.65 
.58.36 

216.29 
61.94 

7.51 
44.70 

Average  per  cent,  three  sheep  digested. 

60.73 

45.52 

53.71 

63.81 

63.10 

50.27 

Average  nutritive  ratio  of  rations  for  three  sheep,  1 :  11.3. 


Period  X. 

Young  Sheep  I. 


Daily  Record. 

Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

.500  grams  English  hay  fed,     . 
300  grams  Holstein  sugar  feed, 

449.50 
274.98 

36.86 
20.10 

39.06 
37.75 

144.47 
29.92 

218.28 
179.12 

10.83 
8.08 

Amount  consumed,  . 

292.11  grams  manure  excreted, 

724.48 
275.02 

56.96 
36.03 

76.81 
35.20 

174.39 

78.00 

397.40 
119.63 

18.91 
6.16 

Grams  digested, 
Minus  hay  digested. 

449.46 
2,')G..')3 

20.93 
16.09 

41.61 
18.50 

96.39 
83.14 

277.77 
133.39 

12.75 
5.60 

Holstein  sugar  feed  digested, 
Per  cent,  digested,    . 

192.93 
70.16 

4.84 
24.08 

23.11 
61.22 

13.25 

44.28 

144.38 
80.61 

7.15 
88.49 
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Period  X.  —  Concluded. 

Youiiff  Shfcp  II. 


Daily  Record. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Amount  consumed  as  above,  . 
280.41  grams  manure  excreted, 

724.48 
264. 1'2 

56.96 
34.49 

76.81 
33.81 

174.39 

72.61 

397.40 
117.06 

18.91 
6.15 

Grains  digested 

Minus  hay  digested 

460. .36 
256.. 13 

22.47 

16.09 

43.00 
18.50 

101.78 
83.14 

280.34 
133.39 

12.76 
5.60 

Ilolstein  sugar  feed  digested, 

Per  cent,  digested 

203.83 
74.13 

6.38 
31.74 

24.50 
64.90 

18.64 
62.. 30 

146.95 
82.04 

7.16 

88.61 

Young  Sheep  III. 


Amount  consumed  as  above, . 
293.03  grams  manure  excreted. 

724.48 
276.47 

56.96 
32.21 

76.81 
31.57 

174.39 

83.58 

397.40 

122.78 

18.91 
6.33 

Grams  digested, 

ISIinu.s  Ijay  digested,         .... 

448.01 
256.53 

24.75 
16.09 

45.24 
18.50 

90.81 
83.14 

274.62 
133.39 

12.. 58 
5.60 

Holstein  sugar  feed  digested. 
Per  cent,  digested,    .        .       .      ' . 

191.48 
69.68 

8.66 
43.08 

26.74 
70.83 

7.67 
25.64 

141.23 

78.85 

6.98 
86.39 

Average  per  cent,  three  sheep  digested, 

71.31 

32.97 

65.65 

44.07 

80.50 

87.83 

Average  nutritive  ratio  of  rations  for  three  sheep,  1 : 9.3. 


Period  XI. 

OJd  Sheep  I. 


Daily  Record. 

Dry 

Matter. 

Ashi 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

600  grams  English  hay  fed,     . 
300  grams  Macon  sugar  feed, 

541.80 
283.35 

44.43 

19.35 

47.08 
42.96 

174.13 

28.90 

263.10 
187.32 

13.06 

4.82 

Amount  consumed,  , 

319.90  grams  manure  exci-eted, 

825.15 
300.58 

63.78 
39.. 59 

90.04 

38.77 

203.03 
81.43 

450.42 
133.04 

17.88 
7.75 

Grams  digested, 
Minus  hay  digested. 

524.57 

328.98 

24.19 
20.22 

51.27 

25.28 

121.60 
.111.08 

317.38 
165.96 

10.13 
6.56 

Macon  sugar  feed  digested,    . 
Per  cent,  digested,    , 

195.59 
69.03 

3.97 
20.52 

25.99 
60.50 

10.52 
36.40 

151.42 

80.83 

3.57 

74.07 

112 


EXPERIMENT   STATION. 


[Jan. 


Period  XI.  —  Concluded. 
Old  Sheep  III. 


Daily  Record. 

Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Amount  consumed  as  above, . 
312.14  grams  manure  excreted, 

8-25.15 
•292.07 

63.78 
39.63 

90.04 
40.16 

203.03 
77.11 

450.42 
128.22 

17.88 
6.95 

Grams  digested, 

Minus  hay  digested 

533.08 

328.98 

24.15 
20.22 

49.88 
25.28 

125.92 
111.08 

322.20 
165.96 

10.93 
6.56 

Macon  sugar  feed  digested,    . 

Per  cent,  digested, 

Average  per  cent,  two  sheep  digested, 

204.10 
72.03 
70.53 

3.93 
20.31 

20.42 

24.60 
57.26 

58.88 

14.84 
51.35 

43.88 

156.24 
83.41 
82.12 

4.37 

90.66 
82.37 

Average  nutritive  ratio  of  rations  for  two  sheep,  1:  9.2. 


Period  XII. 

Paige  Sheep  IV. 


Daily  Record. 


Dry 

Matter. 


Nitrogen- 
free 
Extract. 


Fat. 


550  grams  English  hay  fed,     . 
300  grams  hominy  feed,    . 
Amount  consumed,  . 
253.67  grams  manure  excreted, 
Grams  digested. 
Minus  hay  digested, 
Hominy  feed  digested,     . 
Per  cent,  digested,    . 


498.41 
272.22 


40.87 
7.57 


43.31 
31.55 


160.19 
14.37 


242.03 
194.75 


770.63 

238.68 


531.95 

288.98 


48.44 
29.05 
19.39 
16.56 


74.86 
30.43 


174.56 
65.95 


436.78 
104.26 


44.43 
23.22 


108.61 
94.61 


332.52 
148.63 


242.97 
89.26 


2.83 
37.38 


21.21 
67.23 


14.00 
97.43 


183.89 
94.42 


12.01 
23.98 


35.99 
9.00 


26.99 
5.74 


21.25 

88.62 


Paige  Sheep  V. 


Amount  consumed  as  above, . 

263.07  grams  manure  excreted. 

Grams  digested, 

Minns  hay  digested. 

Hominy  feed  digested,     . 

Per  cent,  digested,    . 

Average  per  cent,  two  sheep  digested 


770.63 

247.81 


522.82 

288.98 


233.84 

85.90 


48.44 
27.31 


21.13 
16.56 


4.57 
60.37 


74.86 

28.97 


45.89 
23.22 


22.67 
71.85 


69.54 


174.56 
70.97 


103.59 
94.61 


8.98 
62.49 


436.78 
111.34 


325.44 
148.63 

176.81 
90.79 


92.61 


35.99 
9.22 


26.77 
5.74 


21.03 

87.70 


Average  nutritive  ratio  of  rations  for  two  sheep,  1 :  10.9. 
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Period  XIII. 

Young  Sheep  I. 


Daily  Record. 

Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

550  grani8  English  hay  fed,     . 
250  grams  bucliwheat  middlings, 

498.03 
226.85 

40.84 
10.93 

43.28 
64.04 

160.07 
20.30 

241.84 
114.81 

12.00 
16.76 

Amount  consumed,  . 

286.23  grams  manure  excreted. 

724.88 
270.20 

51.77 
31.13 

107.32 
31.72 

180.37 
86.68 

356.65 
112.92 

28.76 
7.75 

Grams  digested. 
Minus  hay  digested, . 

454.68 
284.23 
170.45 
75.14 

20.64 
17.82 

75.60 
20.50 

93.69 
92.12 

243.73 
147.79 

21.01 
6.2] 

Buckwheat  middlings  digested. 
Per  cent,  digested,    . 

2.82 
25.80 

55.10 
86.04 

1.57 
7.73 

95.94 
83.56 

14.80 
88.31 

Young  Sheep  II. 


Amount  consumed  as  above, . 
279.07  grams  manure  excreted. 

724.88 
262.07 

51.77 
29.43 

107.32 
33.65 

180.37 
82.95 

356.65 
108.97 

28.76 
7.08 

Grams  digested, 

Minus  hay  digested 

462.81 
284.23 

178.58 

78.72 

22.34 
17.82 

73.67 
20.50 

97.42 
92.12 

247.68 
147.79 

21.68 
6.21 

Buckwheat  middlings  digested,    . 
Per  cent,  digested 

4  52 
41.35 

53.17 
83.03 

5.30 
26.11 

99.89 
87.00 

15.47 
92.30 

Young  Sheep  III. 


Amount  consumed  as  above,  . 

724.88 

51.77 

107.32 

180.37 

356.65 

28.76 

295.90  grams  manure  excreted, 

278.97 

29.63 

31.55 

92.00 

117.89 

7.89 

Grams  digested, 

445.91 

22.14 

75.77 

88.37 

238.76 

20.87 

Minus  hay  digested,         .... 

284.23 

17.82 

20.50 

92.12 

147.79 

6.21 

Buckwheat  middlings  digested,    . 

161.68 

4.32 

55.27 

- 

90.97 

14.66 

Per  cent,  digested 

71.27 

39.52 

86.31 

- 

79.24 

87.47 

Average  per  cent,  three  sheep  digested, 

75.04 

35.56 

85.13 

16.921 

83.27 

89.36 

Average  nutritive  ratio  of  rations  for  three  sheep,  1:  5.1. 


1  Average  two  sheep. 
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[Jan. 


Period  XIV. 

Paige  Sheep  IV. 


Daily  Recokd. 

Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

550  grams  English  hay  fed,     . 
300  grams  oat  middlings. 

497.48 
273.21 

40.79 
7.13 

43.23 

48.41 

159.89 
6.99 

241.58 
189.80 

11.99 

20.87 

Amount  consumed,  . 

248.47  grams  manure  excreted, 

770.69 
232.89 

47.92 
29.16 

91.64 
29.16 

166.88 
67.10 

431.38 
99.72 

32.86 
7.76 

Grams  digested, 
Minus  hay  digested, 

537.80 

288.44 

18.76 
16.53 

62.48 
23.18 

99.78 
94.43 

331.66 
148.35 

25.10 
5.73 

Oat  middlings  digested,  . 
Per  cent,  digested,    . 

249.36 
91.27 

2.23 
31.28 

39.30 
81.18 

5.35 
76.54 

183.31 
96.58 

19.37 
92.81 

Paige  Sheep  V. 


Amount  consumed  as  above, 
258.53  grams  manure  excreted. 

770.69 
241.78 

47.92 
28.55 

91.64 
29.96 

166.88 
70.96 

431.38 
104.71 

32.86 
7.59 

Grams  digested 

Minus  hay  digested 

528.91 

288.44 

19.37 
16.. 53 

61.68 
23.18 

95.92 
94.43 

326.67 
148.35 

25.27 
5.73 

Oat  middlings  digested,  .... 
Per  cent,  digested, 

240.47 

88.02 

2.84 
39.83 

38.50 
79.53 

1.49 
21.32 

178.32 
93.95 

19.54 
93.63 

Average  per  cent,  two  sheep  digested, 

89.65 

35.56 

80.36 

48.93 

95.27 

93.22 

Average  nutritive  ratio  of  rations  for  two  sheep,  1: 7.8. 


Summary  of  Cocfflcimts. 


Coefficients 
determined  on  — 

Sheep  Number. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Soybean  fodder,  .| 

Young  Sheep  I.,  . 
Young  Sheep  II., 
Young  Sheep  III., 
Average,   . 

68.77 
64.09 
61.61 

45.20 
38.95 
33.72 

81.30 
79.61 

79.88 

53.37 
46.63 
42.65 

78.47 
73.91 
71.44 

69.31 
65.38 
67.80 

64.82 

39.29 

80.26 

47.55 

74.61 

67.50 

Blomo  feed,     .  | 

Old  Sheep  II.,      . 
Old  Sheep  III.,    . 
Average,   . 

64.02 
69.46 

31.20 
31.62 

64.48 
60.98 

50.81 
71.89 

73.20 

78.70 

18.79 
16.75 

66.74 

31.41 

62.78 

61.35 

75.95 

15.27 

Malt  sprouts,   .  - 

Yoimg  Sheep  I.,  . 
Young  Sheep  II., . 
Young  Sheep  III., 
Average,   . 

89.03 
75.13 
81.45 

33.30 

2.87 
21.18 

77.23 

73.87 
76.67 

100+ 
100+ 
98.26 

91.35 
77.56 
86.99 

85.38 
74.42 
10O+ 

81.87  1     19.12 

75.92 

99.42 

85.30 

86.60 

Sucrcne    dairv  ( 
feed. 

Old  Sheep  II.,     . 
Old  Sheep  III.,    . 
Average,   . 

71.58 
67.38 

47.51 
27.92 

64.45 
57.12 

70.41 
73.46 

74.57 
70.50 

96.06 
92.75 

69.48  1     37.72 

60.79 

71.94 

72.54 

94.41 
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Summary  of  Coefficients  —  Con(;huIed. 


Coefficients 
determined  on  — 

Sheep  Number. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Ilolstein  sugar 
feed. 

Touug  Sheep  I.,  . 
Young  Sheep  II., 
Young  Sheep  III., 
Average,  . 

70.16 
74.13 
69.63 

'   24.08 
31.74 
43.08 

61.22 
64.90 
70.83 

44.28 
62.. SO 
25.64 

80.61 
82.04 
78.86 

88.49 
88.61 
86.39 

71.31 

32.97 

65.65 

44.07 

80.50 

87.83 

Macon    sugar  ( 
feed.                 1 

Old  Sheep  II.,      . 
Old  Sheep  III.,    . 
Average,    . 

69.03 
72.03 

20.52 
20.31 

60.50 
57.26 

36.40 
51.35 

80.83 
83.41 

74.07 
90.66 

70.  o3 

20.42 

58.88 

43.88 

82.12 

82.37 

Hominy  feed,  ,  | 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 
Average,   . 

89.26 
8.5.90 

37.38 
60.37 

67.23 
71.85 

97.43 
62.49 

94.42 
90.79 

88.62 
87.70 

87.58 

48.88 

69.54 

79.96 

92.61 

88.16 

f 

Biictwheat  mid-  J 

dlings.              i 

Young  Sheep  I.,  . 
Young  Sheep  II., 
Young  Sheep  III., 
Average,   . 

75.14 

78.72 
71.27 

25.80 
41.35 
39.52 

86.04 
83.03 
86.31 

7.73 
26.11 

83.. 56 
87.00 
79.24 

88.31 
92.30 

87.47 

75.04 

85.56 

85.13 

16.92 

83.27 

89.36 

Oat  middlings,  \ 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 
Average,   . 

91.27 

88.02 

31.28 
39.83 

81.18 
79.53 

76.54 
21.32 

96.58 
93.95 

92.81 
S3. 63 

89.05 

35.56 

80.36 

48.93 

95.27 

93.22 

Eureka    silage  I 
com  stover,      i 

Old  Sheep  II.,      . 
Old  Sheep  III.,    . 
Average,  . 

53.53 
55.27 

46.13 

43.88 

49.67 
46.91 

56.18 
61.94 

52.86 
52.99 

66.18 
66.98 

54.40 

45.01 

48.29 

59.06 

52.93 

66.58 

Pride  of   the  ( 
North   com  ] 
stover.              { 

Old  Sheep  II.,      . 
Old  Sheep  III.,    . 
Average,    . 

52.87 
55.06 

32.82 
29.36 

44.57 
45.12 

57.89 
62.60 

53.08 
54.68 

63.05 
65.75 

53.97 

31.09 

44.85 

60.25 

53.88 

64.40 

English  hay,    .  | 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 
Average,    . 

57.54 
58.41 

36.96 
44.07 

50.89 
56.33 

59.76 
58.36 

60.88 
61.94 

50.81 
44.70 

57.98 

40.52 

53.61 

59.36 

61.44 

47.76 

English  hay,    .  I 
L 

Young  Sheep  I.,  . 
Young  Sheep  II., 
Young  Sheep  III., 
Average,   . 

55.98 
59.03 
.')6.21 

42.98 
43.77 
44.17 

48.09 
47.36 
46.65 

56.09 
61.21 
.55.35 

59.91 
62.65 
60.78 

49.46 
52.80 
52.86 

57.07 

43.64 

.    47.37 

57.55 

61.11 

51.71 

English  hay,    . 

Old  Sheep  II.,      . 
Old  Sheep  III.,    . 
Average,    . 

61.72 
59.74 

47.36 
43.67 

55.54 
51.87 

64.. 52 
63.09 

64.01 
62.18 

50.45 
50.08 

60.73 

45.52 

53.71 

63.81 

63.10 

50.27 
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Discussion  of  the  BesuUs. 

The  most  important  resnlts  obtained  from  the  experi- 
ments reix)rted  in  the  previous  pages  are  discussed  under 
the  following  headings :  — 

Soy  Bean  Fodder  (Brooh's  Medium  Green).  —  This  fod- 
der was  grown  ujwn  a  twentieth-acre  plat  which  had  pro- 
duced soy  beans  for  two  years  previously.  The  crop  was 
fertilized  in  the  same  Avay  as  that  used  in  a  digestion  trial 
the  previous  year,  and  yielded  at  the  rate  of  6  tons  to  the 
acre.  The  fodder  was  cut  from  time  to  time  as  needed  dur- 
ing the  first  fourteen  days  of  September,  the  period  pro^Dcr 
lasting  from  the  8th  to  the  14th.  The  plants  were  fully 
podded  and  the  beans  quite  well  developed,  but  the  foliage 
was  still  green.  In  common  with  other  legumes  at  a  similar 
stage  of  growth,  the  soy  bean  fodder  showed  a  high  protein 
percentage,  and  moderate  percentages  of  fiber  and  extract 
matter. 

Summary  of  Digestion  Coefficients  (Per  Cent.'). 


(4H  4^ 
It 

13 

60 

a 
in 

t-i 

3 

'a 

>> 

a 

S 
o 

e 

bo     ^ 

O   «o 

.^  <4H  4^ 

1 

Young  Sheep  I.,         ... 

- 

1 

68.77 

45.20 

81.. 30 

.53.37 

78.47 

69.31 

Young  Sheep  II., 

- 

1 

64.09 

38.95 

79.61 

46.63 

73.91 

65. 3S 

Young  Sheep  III 

- 

1 

61.61 

33.72 

79.88 

42.65 

71.44 

67.80 

Average  (1904),  .... 

1 

3 

64.82 

39.29 

80.26 

47.55 

74.61 

67.50 

Average  (1903) 

1 

3 

&3.53 

21.05 

82.96 

38.90 

77.82 

65.42 

Average,  both  trials. 

2 

6 

64.17 

30.17 

81.61 

43.42 

76.22 

66.46 

Average,  all  trials  seeding,     . 

4 

12 

6.').  00 

28.00 

78.00 

45.00 

77.00 

55.00 

Clover  for  comparison,    . 

3 

7 

66.00 

- 

70.00 

54.00 

72.00 

64.00 

Cowpea  fodder  for  comparison. 

2 

4 

68.00 

23.00 

76.00 

60.00 

81.00 

59.00 

The  1904  trial  was  made  with  one  lot  of  sheep,  and  the 
1903  trial  with  another.  The  results  of  both  trials  agree 
as  closely  as  could  be  expected.  The  soy  bean  fodder  ap- 
pears to  be  slightly  less  digestible  than  that  of  other  legumes, 
due  in  all  probability  to  the  tough,  woody  stems  which  are 
characteristic  of  the  plant.  Note  the  low  digestibility  of 
the  fiber  and  the  high  digestibility  of  the  protein. 
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Blomo  Feed.  —  This  feed,  put  out  by  tlie  Blomo  Manu- 
facturing Company  of  New  York,  consisted  of  a  fibrous  ma- 
terial resembling  ground  corn  stalks  or  cut  hay,  together 
with  fresh  blood  and  molasses.  It  was  quite  dark  in  color, 
coarse  in  appearance  and  rather  sticky  to  the  touch.  Many 
samples  contained  an  excess  of  moisture,  which  caused  it  to 
spoil  during  the  warm  season.  The  sample  under  examina- 
tion contained,  in  dry  matter,  some  17  per  cent,  protein,  13 
per  cent,  fiber  and  only  a  trace  of  fat. 

Summary  of  Digestion  Coefficients  (^Per  Cent.). 


Number  of 
Different 
Lots. 

3 

so 

a 

1 

^ 
^ 

a 

'3 

o 

bo     ji 

O   (D    O 
(H    «    C3 

1 

Old  Sheep  II. 

1 

1 

64.02 

31.20 

64.48 

50.81 

73.20 

13.79 

Old  Sheep  III. 

1 

1 

69.46 

31.62 

60.98 

71.89 

78.70 

16.75 

Average,      .... 

1 

2 

66.74 

31.41 

62.73 

61.35 

75.95 

15.27 

Oats  for  comparison, 

3 

13 

71.00 

- 

80.00 

30.00 

76.00 

83.00 

Kowen  for  comparison,   . 

4 

16 

64.00 

- 

69.00 

66.00 

64.00 

47.00 

The  parallel  tests  do  not  agree  quite  as  closely  as  one 
could  wish,  the  cause  of  the  disagreement  being  due  pri- 
marily to  the  fact  that  Sheep  II.  was  not  able  to  digest  the 
fiber  as  fully  as  Sheep  III.  The  percentage  of  fat  is  so 
small  (less  than  1  per  cent.)  that  its  digestibility  is  of  minor 
consequence.  It  is  understood  that  the  Blomo  feed  was 
intended  to  be  used  chiefly  as  an  oat  substitute  for  horses. 
A  comparison  of  the  digestion  coefficients  of  the  two  feeds 
proves  the  Blomo  to  be  not  quite  as  fully  digested  as  the 
oats.  The  advantages,  therefore,  if  any,  of  the  Blomo  feed 
would  be  due  to  the  favorable  effect  of  the  molasses,  and  in 
its  furnishing  a  change  from  the  regular  corn  and  oat  diet. 
At  the  price  asked  Blomo  could  not  be  considered  an  eco- 
nomical feed  for  dairy  stock.  Its  digestion  coefficients  do 
not  vary  greatly  from  those  of  a  good  quality  of  rowen,  and 
it  is  doubtful  if  it  would  produce  any  more  favorable  results. 

Malt  Sprouts.  —  The  sprouts  were  of  good  color,  and 
contained  nearly  29  per  cent,  of  crude  protein,  33.47  per 
cent,  of  which  was  in  the  amido  form. 
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Summary  of  Digestioti  Coefficients  {Per  Cent.). 

Period  III. 


°  9 

u  u 
4>  a)  ^ 

3 

so 

.■.3 

02 

1 

Q 

< 

0 

s 

1 

Young  Sheep  I 

1 

1 

89.03 

33.30 

77.23 

100+ 

91.35 

85.38 

Young  Sheep  II., 

1 

1 

75.131 

2.87 

73.87 

100.00 

77.56 

74.42 

Young  Sheep  III.,     . 

1 

1 

81.45 

21.18 

76.67 

98.26 

86.99 

100.00 

Average 

1 

3 

81.87 

19.12 

75.92 

99.42 

85.30 

86.60 

Average,  all  trials,  made  in 

Massachusetts. 
German  trials  ,2  .... 

2 
6 

4 
12 

81.00 
72.003 

19.00 

76.00 
80.00 

100.00 
55.00 

83.00 
73.00 

80.00 
71.00 

The  results  with  the  three  sheep  show  wide  variations, 
especially  in  case  of  the  total  dry  matter,  ash  and  extract 
matter,  and  it  is  evident  that  difficulty  was  experienced  in 
digesting  the  sprouts.  Similar  results  were  experienced  in  a 
previous  trial, **  two  sheep  digesting  but  60  per  cent,  of  the 
dry  matter  and  a  third  78  per  cent.  The  results  secured 
with  the  two  former  sheep  were  discarded.  The  high  fiber 
coefficients  in  the  present  exj)eriment  indicate  that  the  addi- 
tion of  the  nitrogenous  sprouts  increased  the  digestibility  of 
the  hay  fiber. 

The  results  of  German  experiments  likewise  show  es- 
pecially wide  variations  in  the  digestibility  of  the  organic 
matter,  fiber  and  extract  matter.  The  latter  experiments  do 
not  show  as  high  an  average  digestibility  for  fiber  as  do  our 
own  trials.  It  seems  probable  that  these  differences  may 
be  due  largely  to  the  character  of  the  sprouts  employed. 
Bohmer  ^  states  that  light-colored  sprouts  show  a  higher  de- 
gree of  digestibility  than  dark-brown  sprouts  derived  from 
slightly  scorched  malt.  Kellner  ^  has  shown  that,  while  the 
organic  matter  of  the  sprouts  has  a  reasonably  high  digest- 
ibility because  of  the  presence  of  considerable  quantities  of 
amids,  cane  sugar  and  organic  acids,  a  de&iite  amount  does 

1  The  ficces  from  Sheep  II.  were  somewhat  soft  for  a  few  days  during  the  collection, 
which  was  an  evidence  of  indigestion. 

2  Kcllner's  Die  Erniihrung  der  Landw.  Nutzthiere,  page  570. 

s  Organic  matter.  6  Kraftfuttermittel,  page  206. 

*  See  sixteenth  report  of  this  station,  page  77.  «  Loco  citato,  pages  160,  357. 
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not  have  as  great  a  feeding  effect  as  does  a  like  amount  con- 
tained in  the  cereals. 

Sucrene  Dairy  Feed.  —  This  is  one  of  the  so-called  sngar 
feeds,  consisting  of  wheat,  corn,  oats  and  barley  products  (or 
by-products),  light  oats,  cotton-seed  meal  or  other  protein 
concentrate,  and  one-fourth  to  one-third  molasses.  The  sam- 
ple tested  contained  (in  dry  matter)  18.48  per  cent,  protein 
and  14.11  per  cent,  fiber. 


Summary  of  Digestion  Coefficients  (Per  Cent.). 


Period  IX. 


o  a 

o 
u  u 

®  aj  ^ 

[3 
.S 

1 
>> 
0 

< 

.g 

bo      4j- 

O   <D    O 

u  a  f 
'A 

Old  Sheep  II.,     .... 

1 

1 

71.58 

47.51 

64.45 

70.41 

74.57 

96.06 

Old  Sheep  III. 

1 

1 

67.38 

27.92 

57.12 

73.46 

70.. 50 

92.75 

Average,       .... 

1 

2 

69.48 

37.72 

60.79 

71.94 

72.54 

94.41 

Wheat  bran  for  coinparison,  . 

8 

18 

62.00 

- 

77.00 

21.00 

09.00 

66.00 

Flour  middlings  for  compari- 

1 

2 

83.00 

- 

85.00 

36.00 

88.00 

85.00 

son. 
Gluten  feed  for  comparison,  . 

5 

11 

85.00 

- 

85.00 

76.00 

89.00 

83.00 

The  sugar  feed  may  be  said  to  be  but  moderately  digestible. 
In  total  dry  matter  it  is  rather  more  digestible  than  bran, 
but  the  protein  in  the  latter  has  noticeably  higher  digestion 
coefficients.  It  is  decidedly  less  digestible  than  either  flour 
middlings  or  gluten  feed,  and  either  of  the  two  latter  feeds 
would  furnish  digestible  matter  and  especially  digestible  pro- 
tein for  less  money  than  the  Sucrene  feed. 

Holstein  Sugar  Feed.  —  This  feed  appeared  to  be  a  mix- 
ture of  cereal  products  or  by-products,  molasses  and  some 
cotton-seed  meal.  It  contained  rather  less  water  than  the 
Sucrene,  but  was  coarser  and  rather  more  sticky  to  handle. 
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Summary  of  Digestion  Coefficients  (Per  Cent.). 


Period  X. 


»  aj  „; 
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o  e  o 
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Young  Sheep  I., 

Young  Sheep  II 

Young  Sheep  III 

1 

1 
1 

1 

1 
1 

70.16 
74.13 

G9.63 

24.08 
31.74 
43.08 

61.22 
64.90 

70.83 

44.28 
62.30 
25.64 

80.61 
82.04 

78.85 

88.49 
88.61 
86.39 

Average,       .... 

1 

3 

71.31 

32.97 

65.65 

44.07 

80.50 

87.83 

The  dry  matter  of  the  Holstein  feed  was  about  as  digestible 
as  that  contained  in  the  Sucrene  feed.  Its  fiber  was  rather 
less  digestible  and  its  extract  matter  had  a  higher  digestibility 
than  that  contained  in  the  latter  feed. 

Macon  Sugar  Feed.  —  This  feed  was  furnished  by  Chapin 
&  Co.,  and  shipped  from  St.  Louis.  In  appearance  it  quite 
closely  resembled  the  Sucrene  feed.  The  sample  contained 
rather  less  protein  and  fiber  and  noticeably  more  extract  mat- 
ter than  the  Sucrene. 


Summary  of  Digestion  Coefficients  {Per  Gent.). 

Period  XI. 


o  a 

121 

1 

bo 
m 

"8 
0 

i 

1 

Sh 

be     ^ 

o  »  o 
l<  »  cS 

.t^  4H   -JJ 

"A 

1 

Old  Sheep  II 

Old  Sheep  III 

1 

1 

1 
1 

69.03 
72.03 

20.52 
20.31 

60.50 
57.26 

36.40 
51.35 

80.83 
83.41 

74.07 
90.66 

Average 

1 

2 

70.53 

20.42 

58.88 

43.88 

82.12 

82.37 

The  results  secured  with  the  Macon  feed  do  not  vary  ma- 
terially from  those  obtained  with  the  Sucrene  and  Holstein 
feeds.  The  fiber  in  the  Macon  is  rather  less  and  the  extract 
matter  more  digestible  than  that  contained  in  the  Sucrene. 
In  general  it  may  be  said  that  the  digestibility  of  the  three 
sugar  feeds  resembles  each  other  quite  closely.^ 

1  The  economic  value  of  these  feeds  will  bo  more  fully  discussed  in  a  future  bulletiu 
on  the  value  of  molasses  and  molasses  feeds. 
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Eureha  Silage  Corn  Stover.  —  This  was  derived  from 
Eureka  corn  ^  grown  on  an  experiment  plat  of  the  station 
during  1904,  and  cured  in  tlie  stock  out  of  doors.  The  corn 
was  cut  September  15,  the  ears  at  the  time  being  only  par- 
tially developed  (kernels  forming).  The  digestion  experi- 
ment was  made  with  the  entire  plant,  minus  the  ears.  In 
spite  of  the  fact  that  the  corn  was  well  cured,  it  contained 
62.89  per  cent,  water. 

Pride  of  the  North  Corn  Stover.  —  This  corn  was  grown 
the  same  season,  on  a  plat  near  by  the  Eureka,  and  received 
the  same  treatment.  It  was  fairly  well  eared.  The  digestion 
test  was  made  with  the  entire  plant,  minus  the  ears. 

Summary  of  Digestion  Coefficients  (Per  Cent.). 

Periods  V and  VII. 


o  a 
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o  e  o 
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1 

M     Old  Sheep  II.,  . 
P    Old  Sheep  III., 

1 
1 

53., 53 
55.27 

46.13 

43.88 

49.67 
46.91 

56.18 
61.94 

52.86 
52.99 

66.18 
66.98 

Average, 

2 

54.40 

45.01 

48.29 

59.06 

52.93 

66.58 

®  t     Old  Sheep  II 

%°  \ 

•d'Sl  Old  Sheep  III., 

1 
1 

52.87 
55.06 

32.82 
29.36 

44.57 
45.12 

57.89 
62.60 

53.08 
54.68 

63.05 
65.75 

Average, 

Average,  all  trials,  for  corn 
stover. 

11 

2 
31 

53.97 
57.00 

31.09 
41.00 

44.85 
36.00 

60.25 
64.00 

53.88 
59.00 

64.40 
70.00 

Both  varieties  of  corn  stover  were  equally  well  digested. 
The  digestion  coefficients  are  slightly  lower  than  the  average 
results  of  all  trials. 

English  Hay.  —  This  hay  consisted  largely  of  Kentucky 
blue  grass  {Poa  pratensis),  with  an  admixture  of  timothy, 
sweet  vernal  grass  and  red  clover.  It  was  cut  June  20,  when 
the  blue  grass  and  clover  were  in  blossom,  and  carefully  cured. 
The  hay  was  used  in  connection  with  the  several  experiments 
reported  in  this  series. 

1  See  eighteenth  report  of  this  station,  pages  86-93. 
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Stimmary  of  Coefficients  (^Per  Cent.). 


1 

Number  of 
Different 
Lots. 

bo 

g 

u 

0 

< 

a 

1 

a  i^ 
bo     4i 

O  CO   o 

i.  a  a 

1 

-1 

Paige  Sheep  IV., 
Paige  Sheep  V., 
Average, 

1 

1 

57.54 
.'58.41 

36.96 
44.07 

.50.89 
56.33 

59.76 
58.36 

60.88 
61.94 

50.81 
44.70 

2 

57.98 

40.52 

53.61 

59.06 

61.44 

47.76 

-1 

Old  Sheep  II.,   . 
Old  Sheep  III., . 
Average, 

1 
1 

61.72 
59.74 

47.36 
43.67 

55.54 

51.87 

64.52 
63.09 

64.01 
62.18 
63.08 

50.45 
50.08 

2 

60.72 

45.50 

53.69 

63.79 

50.24 

VIII.J 

Young  Sheep  I., 
Young  Sheep  II., 
Young  Sheep  III.,    . 

Average, 
Average,  all  sheep,  . 

Average,     all     pre- 
vious trials. 

Average,  timothy 
hay. 

1 

1 
1 

55.98 
59.03 
56.21 

42.98 
43.77 
44.17 

48.09 
47.36 
46.65 

56.09 
61.21 
55.35 

59.91 
62.65 
60.78 

49.46 
52.80 
52.86 

15 
24 

3 

7 
60 

58 

57.07 
58.38 
60.00 
55.00 

43.64 
43.28 
47.00 
39.00 

47.37 
50.96 
57.00 
48.00 

57.55 
59.76 
60.00 
50.00 

61.11 

61.77 
01.00 
62.00 

51.71 
50.16 
50.00 
50.00 

The  so-called  "  Old  Sheep "  gave  slightly  higher  coeffi- 
cients than  the  other  two  lots.  The  former  are  some  six  years 
and  the  latter  four  years  old.  This  difference  in  ability  to 
digest,  especially  between  the  old  and  young  sheep,  has  been 
noticed  repeatedly.  The  hay  gave  about  the  same  digestion 
coefficients  as  those  secured  with  similar  lots  in  previous 
trials.  Hay  of  this  character,  designated  ^'  cow  hay "  by 
farmers,  tests  higher  in  protein,  is  rather  more  digestible, 
and  probably  requires  less  energy  for  its  digestion  than  tim- 
othy hay. 

Hominy  Feed.  —  This  material  consisted  of  the  hull,  germ 
and  some  of  the  gluten  and  starch  of  the  Indian  corn.  The 
sample  appeared  to  be  of  good  average  quality. 
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Nummary  of  Digestion  Coefficients  (^Per  Cent.'). 

Period  XII. 


It 

1 

a 

0 

a 
1 

i 

s 

Nitrogen- 
free   Ex- 
tract. 

1 

Paige  Sheep  IV 

Paige  Sheep  V., 

1 
1 

89.26 

S.").90 

37.38 
60.37 

67.23 
71. a5 

97.43 
62.49 

94.42 
90.79 

88.62 

87.70 

Average 

Average,  1903,i    .       .        '.       . 
Average,  1904,i    .... 

2 
3 
3 

87.58 
80.75 
79.42 

48.88 
22.74 
38.26 

69.54 

67.48 
.58.07 

79.96 
38.12 

92.61 
85.97 

87.66 

88.16 
91.61 
94.09 

Average,  all  trials,    . 

Corn  meal  for  comparison,      . 

3 

8 

81.96 

89.00 

35.10 

64.47 

70.00 

79.96 

88.26 
94.00 

91.68 
91.00 

1  Seventeenth  report  of  this  station,  page  75. 


The  results  of  the  two  trials  in  the  present  experiment 
agree  fairly  well  one  with  the  other,  and  the  average  of  the 
two  are  nearly  equal  to  the  coefficients  for  corn  meal.  The 
coefficients  secured  with  the  several  sheep  in  the  two  previous 
experiments  (1903  and  1904)  showed  marked  differences. 
While  these  variations  may  have  been  due  partially  to  the 
quality  of  the  two  different  lots  of  hominy  (which,  however, 
could  not  be  detected  by  chemical  analysis),  it  seems  probable 
that  the  chief  cause  for  the  lack  of  agreement  is  to  be  found 
in  the  sheep  themselves.  The  writer  has  frequently  noticed 
that  after  sheep  have  been  used  in  digestion  work  for  a  num- 
ber of  months  their  power  to  digest  becomes  temporarily 
weakened.  This  condition  is  more  noticeable  with  some  sheep 
than  with  others,  and  evidently  depends  largely  upon  individ- 
uality. The  digestion  coefficients  for  hominy  secured  with 
the  Old  Sheep  (1903)  were  obtained  in  one  of  a  series  of 
experiments  extending  from  the  autumn  of  1902  to  March 
1903.  The  hominy  meal  period  was  the  last  of  the  series, 
and  the  digestibility  of  the  dry  matter  varied  from  71  to  91 
per  cent.  The  coefficients  reported  with  the  Young  Sheep 
(1904)  (75  to  86  per  cent,  of  dry  matter  digestible)  were 
obtained  in  a  series  extending  from  the  autumn  of  1903  to 
the  spring  of  1904.  These  sheep  were  used  for  the  first  time 
in  this  series,  and  were  alternated  to  an  extent  with  the  Old 
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Sheep.  The  hominy  feed  was  used  in  the  last  of  four  experi- 
ments made  with  these  sheep  during  the  series.  While  the 
latter  results  agree  better  than  those  secured  with  the  Old 
Sheep,  they  were  not  as  satisfactory  as  could  be  desired. 

The  average  of  all  trials  show  the  dry  matter  to  be  82  per 
cent,  digestible.  It  is  believed,  hoAvever,  that  the  coefficients 
secured  with  the  Paige  Sheep  (fully  reported  in  the  present 
trial)  more  closely  represent  the  digestibility  of  the  best 
grades  of  hominy  feed.  Allowing  hominy  feed  to  contain 
91  per  cent,  and  corn  meal  86  per  cent,  of  dry  matter,  and 
applying  the  average  digestion  coefficients  secured  for  hominy 
and  corn  meal,  the  former  would  contain  1,492  pounds  and 
the  latter  1,5-11  pounds  digestible  dry  matter  in  one  ton. 
By  using  the  coefficients  secured  with  the  Paige  Sheep,  the 
hominy  is  shown  to  contain  1,565  pounds  of  digestible  dry 
matter  in  a  ton.  It  may  therefore  safely  be  assumed  that  a 
ton  of  standard  hominy  feed  has  fully  as  much  digestible 
matter  as  is  contained  in  a  like  quantity  of  an  average  quality 
of  corn  meal.  Hominy  contains  rather  more  protein  and 
noticeably  more  fat  than  clear  corn,  and  for  some  purposes 
may  be  considered  a  23referable  feed. 

Oat  Middlings,  occasionally  found  upon  the  market,  is 
presumably  the  fine  residue  from  the  oatmeal  factories.  It 
contains  but  a  few  per  cent,  of  fiber,  about  9  per  cent,  of 
water,  16  per  cent,  of  protein  and  6  per  cent,  of  fat. 

Summary  of  Digestio7i  Coefficieyits  (^Pcr  Cent.'). 
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Paige  Sheep  I. 

Paige  Sheep  II., 
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91.27 

88.02 

31.28 
39.83 

81.18 
79.53 

76.54 
21.32 

96.58 
93.95 

92.81 
93.63 

Average 

Average  fine  wheat  middlings 
for  comparison. 

1 

2 

4 

89.65 
82.00 

35.56 

80.36 

88.00 

48.93 
36.00 

95.27 

88.00 

93.22 

86.00 

The  oat  middlings  are  shown  to  be  quite  thoroughly 
digested,  especially  the  starchy  matter  and  fat ;  the  protein 
had  also  a  relatively  high  digestibility.     The  small  amount  of 


1907.] 


PUBLIC   DOCUMENT  — No.  33. 


125 


fiber  present  renders  its  degree  of  digestibility  comparatively 
unimportant.  Judged  from  composition  and  digestibility, 
tliis  oat  by-product  would  be  a  few  per  cent,  more  valuable 
than  average  wheat  flour  middlings  for  ordinary  feeding  pur- 
poses.    It  ought  to  make  a  valuable  feed  for  young  calves. 

Buch wheat  Middlings.  —  This  material  is  the  residue  from 
small  mills  which  prepare  buckwheat  flour  for  human  use. 
It  consisted  of  the  middlings  and  a  small  portion  of  the  bran. 
Genuine  buckwheat  middlings  should  contain  25  per  cent,  of 
protein,  7  per  cent,  of  fat  and  not  over  10  per  cent,  of  fiber. 
Samples  found  in  the  market  known  as  buckwheat  feed  fre- 
quently show  a  considerable  admixture  of  the  bran  and  ana- 
lyze as  high  as  25  per  cent,  of  fiber.  Buckwheat  bran  is  very 
indigestible,  and  consequently  such  material  is  quite  inferior 
in  feeding  value  to  the  straight  middlings. 


Summary  of  Digestion  Coefficients  (^Per  Cent.'). 

Period  XIII. 
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Young  Sheep  I 

Young  Sheep  II., 
Young  Sheep  III.,     . 
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75.14 

7S.72 
71.27 

25.80 
41.35 
3H.52 

86.04 
83.03 
86.31 

7.74 
26.11 

83.56 
87.00 
79.24 

88.31 
92.30 

87.47 

Average,       .... 
Gluten  feed  for  comparison,  . 

1 

7 

3 
13 

75.04 
86.00 

35.56 

85.13 
85.00 

16.921 
76.00 

83.27 
89.00 

89.36 
83.00 

Sheep  III.  did  not  digest  the  middlings  quite  as  well  as 
the  other  two  sheep.  The  material,  as  is  shown  by  the  co- 
efficients obtained  for  the  dry  matter,  appeared  to  be  fairly 
well  digested,  although  not  as  fully  as  the  easily  digested 
gluten  feed.  The  protein  had  a  high  digestibility,  being 
equal  to  other  high-grade  protein  concentrates.  It  is  evident 
from  the  analysis,  from  the  digestion  coefficients  obtained  and 
from  the  retail  price  of  the  article  ($26  to  $28  a  ton)  that 
genuine  buckwheat  middlings  is  an  economical  source  of  dry 
matter  and  digestible  protein.^ 


1  Average,  two  trials. 

2  It  is  not  advisable  to  feed  over  3  pounds  of  this  material  daily  to  mature  dairy 
stock;  larger  quantities  are  likely  to  cause  illness. 
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Series  XI. 
This  series  was  begun  August  12,  1905,  with  Early  Amber 
Sorghum,  and  continued  until  April  7,  1906.  The  Paige 
Sheep  worked  especially  well  in  this  series,  and  were  used  in 
the  larger  number  of  the  experiments.  The  digestion  hay 
used  in  periods  III.  and  IV.  was  the  new  hay  described  in 
the  previous  series,  to  which  the  reader  is  referred  for  compo- 
sition and  digestion  coefficients.  The  composition  of  the  hay 
used  in  all  other  periods  is  given  in  the  table  of  analyses.  The 
coefficients  employed  were  the  following :  — 


Old  Sheep 
II.  and  III. 


Young  Sheep 
I.,  II.  and  III. 


Paige  Sheep 
IV. and  V. 


Dry  matter,  . 

Ash 

Protein,  .  .  .  . 
Fiijer,  -  .  .  . 
Nitrogen-free  extract, 
Fat,  .        .        .        . 


67.87 
49.17 
62.31 
76.30 
66.39 
52.37 


65.92 
51.95 
61.98 
72.87 
64.66 
.54.23 


65.48 
44.60 
61.53 
73.81 
64.46 
50.20 


Composition- of  Feed  Stuffs  {Per  Cent.^. 

[Dry  Matter.] 


Feeds. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract 
Matter. 

Fat. 

English  hay  (used  in  1904-05  experiments) ,    . 

8.20 

8.69 

32.14 

48..% 

2.41 

Early  Amber  Sorghum  fodder. 

6.06 

6.24 

29.28 

56.00 

2.42 

Pride  of  the  North  com  fodder. 

5.56 

8.83 

23.11 

60.24 

2.26 

Porto  Rico  molasses,  . 

8.45 

3.94 

- 

87.61 

- 

English  hay  (new  lot,  1905-06), 

6.75 

12.23 

33.45 

44.67 

2.90 

Gluten  feed 

1.67 

24.98 

7.22 

63.34 

2.79 

Porto  Rico  molasses,  . 

9.22 

3.94 

- 

86.84 

- 

Green  Diamond  sugar  feed, 

9.88 

13.71 

15.27 

58.47 

2.67 

Sea  Island  cotton. seed  meal,     . 

5.20 

27.31 

19.67 

41.47 

6.35 

Red  wheat  meal 

1.92 

9.96 

2.99 

82.83 

2.80 

Leaming  corn  silage, . 

6.07 

10.19 

26.06 

54.89 

2.79 

White  winter  wheat  meal, 

1.90 

13.07 

2.38 

80.49 

2.16 

Feed  barley  (ground). 

3.27 

14.60 

6.19 

73.90 

2.04 
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Composition  of  Fceces  {Per  Cent.). 

[Dry  Matter.] 
Young  Sheep  I. 


£ 

Feeds. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract 
Matter. 

Fat. 

IX., 

XII., 
XV., 

English  hay  (1905-06), . 

Red  wheat  meal 

White  winter  wheat,    .... 

9.82 
9.91 
10.39 

13.27 
1.5.66 
14.70 

26.90 
24.82 
24.51 

46.01 
45.61 
46.02 

4.00 
4.00 
4.38 

Young  Sheep  IT. 


IX., 
XV., 


English  hay  (1905-06), 
White  winter  wheat, 


9.68 
11.60 


14.55 
15.20 


25.28 
24.26 


46.62 
45.16 


3.87 

3.78 


Young  Sheep  III. 


IX., 

EngUsh  hay  (1905-06) 

9.07 

13.14 

27.65 

46.32 

3.82 

XII., 

Red  wheat  meal, 

9.24 

15.08 

25.85 

46.02 

3.81 

XV., 

White  winter  wheat 

9.15 

14.24 

26.. 30 

46.23 

4.08 

Old  Sheep  II. 


II., 

Pride  of  the  North  corn  fodder. 

11.86 

11.17 

27.55 

47.68 

1.74 

VI., 

English  hay  (1905-06), 

10.80 

14.70 

23.99 

46.27 

4.24 

XIII., 

Learning  corn  silage,   .       ,       .       , 

10.48 

13.70 

25.15 

47.75 

2.92 

Old  Sheep  III. 


II., 

Pride  of  the  North  corn  fodder, 

12.86 

11.18 

27.68 

46.35 

1.93 

VI., 

EngUsh  hay  (190,5-06), 

10.57 

14.03 

25.31 

45.74 

4.35 

X., 

Green  Diamond  sugar  feed. 

14.70 

13.68 

24.47 

44.42 

2.73 

XIII., 

Learning  corn  silage,  .... 

10.39 

13.02 

25.14 

48.47 

2.98 

Paige  Sh 

eepIV. 

I-, 

Early  Amber  Sorghnm, 

11.28 

11.13 

27.02 

47.44 

3.13 

III., 

Porto  Rico  molasses 

12.16 

10.72 

29.32 

44.87 

2.93 

IV., 

Porto  Rico  molasses,   .... 

13.66 

11.47 

27.13 

44.86 

2.88 

v., 

English  hay  (1905-06) 

11.18 

14.10 

24.20 

46.24 

4.28 

^ai.. 

Gluten  feed 

10.55 

15.33 

22.35 

47.20 

4.57 

VIII., 

Gluten  feed  and  molasses, . 

11.15 

16.36 

21.26 

47.44 

3.79 

XI., 

Sea  Island  cotton-seed  meal, 

8.67 

14.17 

32.75 

41.31 

3.10 

XIV., 

Green  Diamond  sugar  feed. 

13.02 

12.79 

25.41 

45.59 

3.19 

XVI., 

Feed  barley 

12.50 

13.86 

23.08 

46.46 

4.10 

128 
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[Jan. 


Composition  of  Fceccs  —  Concluded. 

[Dry  Matter.] 
Paige  Sheep  V. 


'a 

Feeds. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract 
Matter. 

Fat. 

I-, 
III., 
IV., 

v., 

VII., 

VIII., 

XI., 

XVI., 

Early  Amber  Sorghum, 
Porto  Rico  molasses,  . 
Porto  Rico  molasses,  . 
English  hay  (1905-06), 
Gluten  feed,  .... 
Gluten  feed  and  molasses, . 
Sea  Island  cotton-seed  meal. 
Feed  barley,  .... 

11.06 
11.83 
12.87 
10.49 
10.63 
10.82 
9.33 
11.14 

9.39 
10.53 
11.49 
13.17 
15.05 
16.21 
15.20 
13.86 

31.21 
30.33 

28.95 
26.51 
22.84 
22.09 
29.46 
25.39 

45.75 
44.47 
43.94 
45.74 
46.84 
47.15 
42.86 
45.75 

2.59 
2.84 
2.75 
4.09 
4.64 
3.73 
3.15 
3.86 

Dry  Matter  Determinations  made  at  the  Time  of  weighing  out  the  Dif- 
ferent Foods,  and  Dry  Matter  in  Air-dry  Forces  (^Per  Cent.'). 
Paige  Sheep  IV. 


Periods. 

English 
Hay. 

Early 

Amber 

Sorghum. 

Porto 

Rico 

Molasses. 

Gluten 
Feed. 

Sea  Island 

Cotton- 
seed Meal. 

Green 

Diamond 

Sugar  Feed. 

Feed 
Barley. 

Fffices. 

I., 

- 

16.35 

- 

- 

- 

- 

- 

87.84 

III., 

88.15 

- 

71.49 

- 

- 

- 

- 

92.84 

IV., 

87.22 

- 

72.12 

- 

- 

- 

- 

92.33 

v.. 

88.65 

- 

- 

- 

- 

- 

- 

92.22 

VII., 

88.55 

- 

- 

90.03 

- 

- 

93.47 

VIII., 

88.92 

- 

72.67 

92.02 

- 

- 

- 

92.50 

XI., 

90.92 

- 

- 

- 

90.97 

- 

- 

93.16 

XIV., 

90.17 

- 

- 

- 

89.62 

- 

94.42 

XVI., 

89.35 

- 

- 

- 

- 

- 

89.07 

92.96 

Paige  Sheej 

r. 

I-, 

- 

16., 35 

- 

- 

- 

- 

- 

87.69 

III., 

88.15 

- 

71.40 

- 

- 

- 

- 

93.14 

IV., 

87.22 

- 

72.12 

- 

- 

- 

- 

92.16 

v., 

88.65 

- 

- 

- 

- 

- 

- 

92.14 

VII., 

88.55 

- 

- 

90.03 

- 

- 

- 

93.61 

VIII., 

88.92 

- 

72.67 

92.02 

- 

- 

- 

92.36 

XI., 

90.92 

- 

- 

- 

90.97 

- 

- 

92.98 

XVI., 

89.35 

- 

- 

- 

- 

- 

89.07 

92.80 
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Dry  Matter  Determinations,  etc.  —  Concluded. 

Yottng  Sheep  I. 


Periods. 

English 
Hay. 

Pride  of  the 

North  Coru 

Fodder. 

Green 

Diamond 

Sugar  Feed. 

Red 
Wheat 
Meal. 

Learning 
Corn 
Silage. 

White 
Wheat 
Meal. 

Fseces. 

IX.,      . 
XII.,     . 
XV.,      . 

90.35 

88.92 
89.  GO 

- 

- 

87.43 

- 

87.80 

94.99 
94.2.5 
93.27 

Young  Sheep  II. 


IX., 
XT., 


90.35 
89.60 


87.80 


94.73 
92.91 


Young  Sheep  III. 


IX.,      . 

90.35 

- 

- 

- 

- 

- 

94.86 

XII.,      . 

88.92 

- 

- 

87.43 

- 

- 

94.17 

XT.,      . 

89.60 

- 

- 

- 

- 

87.80 

93.09 

Old  Sheep  II. 


II 

- 

22.61 

- 

- 

- 

- 

89.28 

VI 

88.97 

- 

- 

- 

- 

- 

93.54 

XIII.,      . 

90.17 

- 

- 

- 

21.44 

- 

94.12 

Old  Sheep  III. 


II.,    , 

- 

22.61 

- 

- 

- 

- 

89.09 

VI.,      .        .        . 

88.97 

- 

- 

- 

- 

- 

93.52 

X.,     . 

88.95 

- 

91.95 

- 

- 

- 

94.09 

XIII 

90.17 

- 

- 

- 

21.44 

- 

94.19 

Average  Daily  Amount  of  Manure  excreted  afid  Water  drank  (  Grams) . 

Paige  Sheep  IV. 


Character  of  Food  or  Ration. 


Manure 

excreted 

daily. 


One-tenth 
Manure 
Air  Dry. 


Water 
drank 
daily. 


I-: 
III., 
IV.: 
V. 
VII. 
VIII. 
XI. 

XIV., 
XVI., 


Early  Amber  Sorghum,  . 
Hay  and  Porto  Rico  molasses. 
Hay  and  Porto  Rico  molasses, 

English  hay 

Hay  and  gluten  feed. 
Hay,  gluten  feed  and  molasses, 
Hay  and  Sea  Island  cotton-seed  meal, 
Hay  and  Green  Diamond  sugar  feed, 
Hay  and  feed  barley. 


500 
674 
738 
610 
460 
635 
607 
598 
478 


41.061 

31.10 

33.34 

26.11 

20.82 

25.84 

29.67 

27.45 

20.32 


49 
1,725 
2,114 
1,781 
1,498 
1,843 
2,095 
2,241 
1,644 


1  One-fifth  of  dally  amount  excreted. 
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EXPERIMENT   STATION. 


[Jan , 


Average  Daily  Amount  of  Manure  excreted  and  Water  drank  (^Grams') 

Concluded. 

Paige  Sheep  V. 


-a 
.0 

Character  op  Food  or  Ration. 

Manure 

excreted 

daily. 

One-tenth 
Manure 
Air  Dry. 

Water 
drauk 
daily. 

I-, 

Early  Amber  Sorghum,  . 

591 

43.801 

55 

III., 

Hay  and  Porto  Rico  molasses, 

745 

32.86 

1,995 

IV., 

Hay  and  Porto  Rico  molasses, 

855 

34.12 

2,014 

v.. 

English  hay, 

623 

27.02 

1,642 

YII., 

Ilay  and  gluten  feed. 

459 

20.01 

1,318 

VIII., 

Hay,  gluten  feed  and  molasses,     . 

655 

25.86 

1,953 

SI., 

Hay  and  Sea  Island  cotton-seed  meal. 

673 

26.70 

2,138 

XIV., 

Hay  and  Green  Diamond  sugar  feed. 

- 

- 

- 

XVI., 

Hay  and  feed  barley. 

705 

21.50 

1,644 

1  One-fifth  of  daily  amount  excreted. 


Young  Sheep  I. 

English  hay  (new  lot) 

Hay  and  red  wheat  meal 

Hay  and  white  winter  wheat, 

Ymtng  Sheep  II. 
English  hay  (new  lot),    .       .       .       .       . 
Hay  and  red  wheat  meal, 
Hay  and  white  winter  wheat. 

Young  Sheep  III. 
English  hay  (new  lot),    .... 
Hay  and  red  wheat  meal, 
Hay  and  white  winter  wheat, 


IX., 
XII., 
XV., 


635 

27.46 

2,170 

557 

20.98 

2,025 

488 

21.86 

2,038 

IX., 
XII., 
XV., 


IX., 
XII., 
XV., 


695 
617 
537 


28.35 
22.32 
22.99 


2,495 
2,3.52 
2,495 


Old  Sheep  IL 


II., 

VI., 

X., 

XIII., 

Pride  of  the  North  corn  fodder,    . 

English  hay  (1905-06) 

Hay  and  Green  Diamond  sugar  feed,  , 
Hay  and  Learning  corn  silage. 

624 
613 

747 

25.62 
26.21 

24.04 

80 
1,694 

1,974 

Old  Sheep  III. 

II., 

VI., 

X., 

XIII., 

Pride  of  the  North  corn  fodder,    . 

English  hay  (190,5-06) 

Hay  and  Green  Diamond  sugar  feed,  . 
Hay  and  Learning  corn  silage. 

820 
608 
676 
537 

28.12 
28.80 
27.08 
22 .  42 

60 
1,.544 
2,329 
1,309 
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Weights  of  Animals  at  Beginning  and  End  of  Period  (^Pounds), 

Paige  Sheep  IV. 


Character  op  Food  or  Ration. 


Beginning. 


I- 

III. 

IV., 

V. 

VII. 

VIII., 

XI., 

XIV., 

XVI., 


Early  Amber  Sorgbum,  . 

Hay  and  Porto  Rico  molasses, 

Hay  and  Porto  Rico  molasses, 

English  hay,       .... 

Hay  and  gluten  feed. 

Hay,  gluten  feed  and  molasses, 

Hay  and  Sea  Island  cotton-seed  meal. 

Hay  and  Green  Diamond  sugar  feed. 

Hay  and  feed  barley, 


147.00 
144.00 
14.5.50 
142.00 
141.50 
145.00 
144.00 
145.50 
148.00 


146.50 
142.00 
150.00 
144.00 
141.00 
142.00 
145.00 
148.50 
143.50 


Paige  Sheep  V. 


I-, 
HI., 
IV., 

v., 

VII., 

VIII., 

XI., 

XIV., 

XVI., 


Early  Amber  Sorghum,  . 

Hay  and  Porto  Rico  molasses, 

Hay  and  Porto  Rico  molasses, 

English  hay,      .... 

Hay  and  gluten  feed, 

Hay,  gluten  feed  and  molasses. 

Hay  and  Sea  Island  cotton-seed  meal, 

Hay  and  Green  Diamond  sugar  feed. 

Hay  and  feed  barley, 


124.25 
124.00 
122.50 
122.00 
118.50 
125.50 
124.50 

124.50 


126.00 
122.00 
125.50 
121.50 
120.00 
122.50 
123.50 

117.00 


Young  Sheep  I, 


IX., 
XII., 
XV., 


English  hay  (1905-06),  . 
Hay  and  red  wheat  meal. 
Hay  and  white  winter  wheat, 


Young  Sheep  II, 


121.00 
118.00 
119.50 


119.00 
117.00 
118.00 


IX., 
XII., 
XV., 


English  hay  (1905-06),  . 
Hay  and  red  wheat  meal, 
Hay  and  white  winter  wheat. 


113.00 


Young  Sheej)  III. 


IX., 
XII., 
XV., 


English  hay  (1905-06),  . 
Hay  and  red  wheat  meal. 
Hay  and  white  winter  wheat, 


110.00 
109.00 
108.50 
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EXPERBIENT   STATION. 


[Jan. 


Weights   of  Animals  at   Beginning    and  End   of  Period  {Pounds)  — 

Concluded. 

Old  Sheep  II. 


Character  of  Food  or  Ration. 

Beginning. 

End. 

II., 

VI., 

X., 

XIII., 

Pride  of  the  North  corn  fodder 

EngUsh  hay  (1905-06) 

Hay  and  Green  Diamond  sugar  feed,  . 

Hay  and  Learning  com  silage 

160.00 
154.00 

154.50 

154.00 
150.00 

155.00 

Old  Sheep  III. 


II., 

VI., 

X., 

XIII., 


Pride  of  the  Nortli  corn  fodder,    . 
EngUsh  hay  (1905-06),      . 
Hay  and  Green  Diamond  sugar  feed, 
Hay  and  Learning  corn  silage. 


151.50 
146.50 
145.00 
152.00 


150.00 
145.00 
147.50 
152.00 


Early  Amber  Sorghum.  — Period  I. 

Paige  Sheep  IV. 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

3,600  grams  Sorghum  fodder  fed, 
205.30  grams  manure  excreted,     . 

588.60 
180.34 

35.67 
20.34 

36.73 
20.07 

172.34 

48.73 

339.62 
85.5.5 

14.24 
5.64 

Grams  digested, 

Per  cent,  digested, 

408.26 
69.36 

15.33 

42.98 

16.66 
45.36 

123.61 
71.72 

244.07 
74.04 

8.60 
60.39 

Paige  Sheep  V. 


3,600  grams  Sorghum  fodder  fed, 
219  grams  manure  excreted,  . 

Grams  digested 

Per  cent,  digested 

Average  per  cent,  for  both  sheep. 


588.60 
192.04 


396.. 56 
67.37 
68.37 


35.67 
21.24 


14.43 
40.45 
41.72 


36.73 
18.03 


18.70 
50.91 
48.14 


172.34 
59.94 


112.40 
65.22 

68.47 


329.62 

87.86 


241.76 
73.35 
73.70 


14.24 
4.97 


9.27 
65.10 
62.75 


Average  nutritive  ratio  of  rations  for  two  sheep,  1 :  21.5. 
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Pride  of  the  North  Corn  Fodder.  —  Period  II. 
Old  Sheep  II. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

3,(500  grams  Pride  of  the  North  corn 

fodder  fed. 
2oC. -23  grains  manure  excreted,     . 

813.96 
228.76 

45.26 
27.13 

71.87 
25.. 55 

188.11 
63.02 

490.33 
109.07 

18.40 
3.98 

Grams  digested 

Per  cent,  digested, 

585.20 
71.89 

18.13 
40.06 

46.32 
64.45 

125.09 
66.50 

381.26 
77.76 

14.42 

78.37 

Old  Sheep  III. 


3,600  grams  Pride  of  the  North  corn 

fodder  fed. 
281.19  grams  manure  excreted. 

Grams  digested, 

Per  cent,  digested, 

Average  per  cent,  for  both  sheep. 


813.96 
250.51 


563.45 
69.22 
70.56 


45.26 
32.22 


13.04 

28.81 
84.43 


71.87 
28.01 


43.86 
61.03 
62.74 


188.11 
69.34 


118.77 
63.14 
64.82 


490.33 
116.11 


374.22 
76.32 
77.04 


18.40 
4.83 


13.57 

73.75 
76.06 


Average  nutritive  ratio  of  rations  for  two  sheep,  1 :  11.8. 


Porto  Rico  Molasses.  — Period  III. 

Paige  Sheep  IV. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

800  grams  English  hay  fed, 
150  grams  molasses  fed,  . 

705.20 
107.24 

57.83 
9.06 

61.28 
4.23 

226.65 

342.45 
93.95 

17.00 

Amount  consumed, . 

311  grams  manure  excreted. 

812.44 

288.73 

66.89 
35.11 

65.61 
30.95 

226.65 
84.66 

436.40 
129.55 

17.00 
8.46 

Grams  digested, 
Minus  hay  digested, 

523.71 
408.87 

31.78 
23.43 

34.56 
32.85 

141.89 
133.86 

306.85 
210.30 

8.54 
8.12 

Molasses  digested,  . 
Per  cent,  digested,    . 

114.84 
107.09 

8.35 
92.16 

1.71 
40.43 

8.03 

96.55 
102.76 

.42 

Paige  Sheep  V. 


Amount  consumed  as  above, 

812.44 

66.89 

65.51 

226.65 

436.40 

17.00 

328.60  grams  manure  excreted,     . 

306.06 

36.21 

32.23 

92.83 

136.10 

8.69 

Grams  digested 

506.38 

30.68 

33.28 

133.82 

300.30 

8.31 

Minus  hay  digested 

408.87 

23.43 

32.85 

133.86 

210.30 

8.12 

Molasses  digested 

97.51 

7.25 

.43 

- 

90.00 

.19 

Per  cent,  digested, 

90.93 

80.02 

10.17 

- 

95.80 

- 

Average  per  cent,  for  both  sheep, 

99.01 

86.09 

25.30 

- 

99.28 

- 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 :  13.6. 
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EXPERIMENT   STATION. 


[Jan. 


Porto  Rico  Molasses.  —  Period  IV. 

Paige  Sheep  IV. 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

800  grams  English  hay  fed,    . 

697.76 

57.22 

60.64 

224.26 

338.82 

16.82 

250  grams  molasses  fed, .... 

180.30 

15.24 

7.10 

- 

157.96 

- 

Amount  consumed, 

878.06 

72.46 

67.74 

224.26 

496.78 

16.82 

333.40  grams  manure  excreted,     . 

307.83 

42.05 

35.31 

83.51 

138.09 

8.87 

Grams  digested, 

570.23 

30.41 

32.43 

140.75 

358.69 

7.95 

Minus  hay  digested,        .... 

404.56 

23.19 

32.51 

132.44 

208.07 

8.03 

Molasses  digested, 

165.67 

7.22 

—  .08 

8.31 

150.62 

- 

Per  cent,  digested 

91.89 

47.38 

- 

- 

95.35 

Pai 

ge  Sheei 

9     V. 

Amount  consumed  as  above, 

878.06 

72.46 

67.74 

224.26 

496.78 

16.82 

341.2  grams  manure  excreted, 

314.45 

40.47 

36.13 

91.03 

138.17 

8.65 

Grams  digested 

563.61 

31.99 

31.61 

133.23 

358.61 

8.17 

Minus  hay  digested 

404.56 

23.19 

32. .51 

132.44 

208.07 

8.03 

Molasses  digested 

159.05 

8.80 

.10 

.79 

150.54 

.14 

Per  cent,  digested 

88.21 

57.74 

- 

- 

95.30 

- 

Average  per  cent,  tor  both  sheep. 

90.05 

52.56 

- 

- 

95.33 

- 

Average  nutritive  ratio  of  rations  foi 

•  two  sh 

3ep,  1:1 

3. 

English  1 
Pm 

lay.— 
ge  Sheet 

Perioc 

IV. 

I  V. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

800  grams  English  hay  fed,    . 

709.20 

47.87 

86.74 

237.23 

316.80 

20.57 

261.10  grams  manure  excreted, 

240.79 

26.92 

33.95 

58.27 

111.34 

10.31 

Grams  digested, 

468.41 

20.95 

52.79 

178.96 

205.46 

10.26 

Per  cent,  digested, 

66.05 

43.76 

60.86 

75.44 

64.  S5 

49.88 

Pa 

ige  Shet 

P  V. 

800  grams  English  hay  fed,    . 

709.20 

47.87 

86.74 

237.23 

316.80 

20.57 

270.20  grams  manure  excreted. 

248.96 

26.12 

.S2.79 

66.00 

113.87 

10.18 

Grams  digested 

460.24 

21.75 

53.95 

171.23 

202.93 

10.39 

Per  cent,  digested 

64.90 

45.44 

62.20 

72.18 

64.06 

50.51 

Average  per  cent,  for  both  sheep. 

65.48 

44.60 

61.53 

73.81 

64.46 

50.20 

Average  nutritive  ratio  of  rations  for  two  sheep,  1:  7.5. 
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English  Hay.  —  Period  VI. 

Old  Sheep  II. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

900  grams  English  hay  fed,    . 
262.10  grains  manure  excreted,     . 

800.73 
245.17 

54.05 
26.48 

97.93 
36.04 

267.84 

58.82 

357.69 
113.44 

23.22 
10.40 

Grams  digested 

Per  cent,  digested 

555.56 

69.38 

27.57 
51.01 

61.89 
63.20 

209.02 
78.04 

244.25 

68.29 

12.82 
55.21 

Old  Sheep  III. 


900  grams  English  hay  fed,    . 

800.73 

54.05 

97.93 

267.84 

357.69 

23.22 

288  grams  manure  excreted,  . 

269.34 

28.47 

37.79 

68.17 

123.20 

11.72 

Grams  digested, 

531.39 

25.68 

60.14 

199.67 

234.49 

11.50 

Per  cent,  digested, 

66.36 

47.33 

61.41 

74.55 

65.56 

49.53 

Average  per  cent,  for  both  sheep. 

67.87 

49.17 

62.31 

76.30 

66.39 

52.37 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 :  7.7. 


Oluten  Feed.  —  Period  VII. 
Paige  Sheep  IV. 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

600  grams  English  hay  fed,    . 
200  grams  gluten  feed  fed. 

531.30 
180.06 

35.86 
3.01 

64.98 
44.98 

177.72 
13.00 

237.33 

114.05 

15.41 

5.02 

Amount  consumed, 

208.20  grams  manure  excreted. 

711.36 
194.60 

38.87 
20.53 

109.96 
29.83 

190.72 
43.49 

351.38 
91.85 

20.43 
8.89 

Grams  digested, 
Minus  hay  digested, 

516.76 
347.90 

18.34 
15.99 

80.13 
39.98 

147.23 
131.18 

259.53 
152.98 

11.54 

7.74 

Gluten  feed  digested, 
Per  cent,  digested,   . 

168.86 
93.78 

2.35 

78.07 

40.15 
89.26 

16.05 
123.46 

108.55 
93.42 

3.80 
75.70 

Paige  Sheep  V. 


Amount  consumed  as  above, 
200.10  grams  manure  excreted. 

711.36 
187.31 

38.87 
19.91 

109.96 
28.19 

190.72 

42.78 

351.38 

87.74 

20.43 
8.69 

Grams  digested 

Minus  hay  digested 

524.05 
347.90 

18.96 
15.99 

81.77 
39.98 

147.94 
131.18 

263.64 
1.52.98 

11.74 

7.74 

Gluten  feed  digested 

Per  cent,  digested, 

Average  per  cent,  for  both  sheep, 

176.15 
97.83 
95.81 

2.97 
98.67 
88.37 

41.79 
92.91 
91.09 

16.76 
128.92 
126.19 

110.66 
97.03 
95.23 

4.00 
79.68 
77.69 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 : 6.4. 
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EXPERIMENT   STATION. 


[Jan. 


Porto  Rico  Molasses. — Period  VIII. 

Paige  Sheep  IV. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

600  grams  English  hay  fed,    . 
200  grams  gluten  feed  fed,      , 
250  grams  molasses  fed,  .... 

533.5-2 
184.04 

181.68 

36.01 
3.07 
16.75 

65.25 

45.97 

7.16 

178.46 
13.29 

238.32 
116.57 
157.77 

15.47 
5.13 

Amount  consumed 

258.40  grams  manure  excreted,     . 

899.24 
239.02 

55.83 
26.65 

118.38 
39.10 

191.75 

.50.82 

512.66 
113.39 

20.60 
9.06 

Grams  digested, 

Minus  hay  and  gluten  feed  digested,  . 

660.22 
521.24 

29.18 
18.44 

79.28 
81.05 

140.93 

399.27 
262.12 

11.54 

Molasses  digested 

Per  cent,  digested, 

138.98 
76.50 

10.74 
64.12 

- 

- 

137.15 

86.93 

- 

Paige  Sheep  V. 


Amount  consumed  as  above, 
258.60  grams  manure  excreted, 

899.24 

238.84 

.55.83 

25.84 

118.38 
38.72 

191.75 
52.76 

512.66 
112.61 

20.60 
8.91 

Grams  digested, 

Minus  hay  and  gluten  feed  digested,   . 

660.40 
528.63 

29.99 
19.06 

79.66 
82.70 

138.99 

400.05 
266.27 

11.69 

Molasses  digested, 

Per  cent,  digested, 

Average  per  cent,  for  both  sheep. 

131.77 
72.53 
74.52 

10.93 
65.25 
64.69 

- 

133.78 

84.80 
85.87 

_ 

Average  nutritive  ratio  of  rations  for  two  sheep,  1:  7.1. 

English  Hay.  —  Period  IX. 

Young  Sheep  I. 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

850  grams  EngUsh  hay  fed,    . 
274.60  grams  manure  excreted,     . 

767.98 
260.84 

51.84 
25.61 

93.92 
34.61 

2.56.89 
70.17 

342.96 
120.01 

22.27 
10.43 

Grams  digested, 

Per  cent,  digested, 

507.14 
66.04 

26.23 
50.60 

59.31 
63.15 

186.72 
72.68 

222.95 
65.01 

11.84 
53.17 

Young  Sheep  II. 


850  grams  English  hay  fed,    . 
269.60  grams  manure  excreted,     . 

767.98 
255.37 

51.84 
24.72 

93.92 
37.16 

256.89 
64. .56 

342.96 
119.05 

22.27 
9.88 

Grams  digested, 

Per  cent,  digested, 

512.61 
66.75 

27.12 
52.31 

56.76 
60.43 

192.33 

74.87 

223.91 
65.29 

12.39 
55.64 
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English  Hay  —  Concluded. 

Young  Sheep  III. 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

850  grams  English  hny  fed,    . 
283.50  grams  manure  excreted,     . 

767.98 
268.93 

51.84 
24.39 

93.92 
35.34 

256.89 
74.36 

342.96 
124.57 

22.27 
10.27 

Grams  digested, 

Per  cent,  digested 

Average  per  cent,  for  three  sheep, 

499.05 
64.98 
65.92 

27.45 

52.95 
51.95 

58.58 
62.37 
61.98 

182.53 
71.05 

72.87 

218.39 
63.68 
64.66 

12.00 
53.88 
54.23 

Average  nutritive  ratio  of  rations  for  three  sheep,  1: 7.5. 


Oreen  Diamond  Sugar  Feed.  —  Periods  X.  and  XIV. 
Old  Sheep  III. 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

400  grams  Green  Diamond  sugar  feed 

fed. 
500  grama  English  hay  fed,    . 

367.80 
444.75 

36.34 
30.02 

50.43 
54.39 

56.16 

148.77 

215.05 

198.67 

9.82 
12.90 

Amount  consumed 

270.80  grams  manure  excreted,     . 

812.55 
254.80 

66.36 
37.46 

104.82 
34.86 

204.93 
62.35 

413.72 
113.18 

22.72 
6.96 

Grams  digested, 

Minus  hay  digested,        .... 

557.75 
301.85 

28.90 
14.76 

69.96 
33.89 

142.58 
113.  .51 

300.54 
131.90 

15.76 
6.76 

Sugar  feed  digested 

Per  cent,  digested 

255.90 
69.58 

14.14 
38.91 

36.07 
71.52 

29.07 
51.76 

168.64 
78.42 

9.00 
91.65 

Paige  Sheep  IV. 


300  grams  Green  Diamond  sugar  feed, 
500  grams  English  hay  fed,    . 

268.86 
450.85 

26.56 
30.43 

36.86 
55.14 

41.05 

150.81 

157.20 
201.39 

7.18 
13.07 

Amount  consumed, 

274.5  grams  manure  excreted, 

719.71 
259.18 

56.99 
33.75 

92.00 
33.15 

191.86 
65.86 

358.59 
118.16 

20.25 

8.27 

Grams  digested, 

Minus  hay  digested,        .... 

460.53 
295.21 

23.24 
13.. 57 

58.85 
33.93 

126.00 
111.31 

240.43 
129.82 

11.98 
6.56 

Sugar  feed  digested 

Per  cent,  digested, 

Average  per  cent,  for  both  sheep, 

165.32 

61.49 
65.54 

9.67 
36.41 
37.66 

24.92 
67.61 
69.57 

14.69 
35.79 
43.78 

110.61 
70.36 
74.39 

5.42 
75.49 
83.57 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 :  6.8. 
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EXPERIMENT   STATION. 


[Jan. 


Sea  Island  Cotton-seed  Meal. 

Paige  Sheep  IV. 


Period  XI. 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

200  grams  Sea  Island  cotton-seed  meal 

fed. 
650  grams  English  hay  fed,    . 

181.94 
590.98 

9.46 
39.89 

49.69 

72.28 

35.79 
197.68 

75.45 
263.99 

11.55 
17.14 

Amount  consumed, 

296.70  grams  manure  excreted. 

772.92 
276.41 

49.35 
23.96 

121.97 
39.17 

233.47 
90.52 

339.44 
114.18 

28.69 

8.57 

Grams  digested 

Minus  hay  digested 

496.51 
386.97 

25.39 
17.79 

82.80 
44.47 

142.95 
145.91 

225.26 
170.17 

20.12 
8.60 

Cotton-seed  meal  digested,     . 

Per  cent,  digested 

109.54 
60.21 

7.60 
80.34 

38.33 
77.14 

- 

55.09 
73.02 

11.52 
99.74 

Paige  Sheep   V. 


Amount  consumed  as  above. 

772.92 

49.35 

121.97 

233.47 

339.44 

28.69 

267  grams  manure  excreted,  . 

248.23 

23.16 

37.73 

73.13 

106.39 

7.82 

Grams  digested 

524.69 

26.19 

84.24 

100.34 

233.05 

20.87 

Minus  hay  digested 

386.97 

17.79 

44.47 

145.91 

170.17 

8.60 

Cotton-seed  meal  digested,    . 

137.72 

8.40 

39.77 

14.43 

62.88 

12.27 

Per  cent,  digested 

75.69 

88.79 

80.04 

40.32 

83.34 

100+ 

Average  per  cent,  for  both  sheep. 

67.95 

84.56 

78.39 

40.32 

78.18 

100 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 : 5.1. 


Bed  Wheat  Meal.  —  Period  XII. 

Young  Sheep  I. 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

550  grams  English  hay  fed,    . 
300  grama  red  wheat  meal  fed. 

489.06 
262.29 

33.01 
5.04 

59.81 
26.12 

163.59 

7.84 

218.46 
215.94 

14.18 
7.34 

Amount  consumed,  . 

209.80  grams  manure  excreted, 

751.35 
197.74 

38.05 
19.60 

85.93 
30.97 

171.43 

49.08 

434.40 
90.19 

21.52 
7.91 

Grams  digested,  .... 
Minus  hay  digested. 

553.61 
322.39 

18.45 
17.15 

54.96 
37.07 

122.35 
119.21 

344.21 
141.26 

13.61 
7.69 

Red  wheat  meal  digested. 
Per  cent,  digested,    . 

231.22 
88.15 

1.30 
25.79 

17.89 
68.49 

3.14 
40.05 

202.95 
93.98 

5.92 
80.65 
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Bed  Wheat  Meal  —  Concluded. 

Young  Sheep  III. 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Amount  consumed  as  above, 
223. 20  grams  manure  excreted,     . 

751.35 
210.19 

38.05 
19.42 

85.93 
31.70 

171.43 
54.33 

434.40 
96.73 

21.52 
8.01 

Grams  digested 

Minus  hay  digested,       .... 

541.16 
322.39 

18.63 
17.15 

54.23 
37.07 

117.10 
119.21 

a37.67 
141.26 

13.51 

7.69 

Red  wheat  meal  digested. 

Per  cent,  digested, 

Average  per  cent,  for  both  sheep, 

218.77 
83.41 
85.78 

1.48 
29.37 
27.58 

17.16 
65.70 
67.10 

- 

l'JC.41 
90.96 
92.47 

5.82 
79.29 
79.97 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 :  9. 


Learning  Corn  Silage .  —  Period  XIII. 

Old  Sheep  II. 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

400  grams  English  hay  fed,    . 
1,600  grams  corn  silage  fed,    . 

360.68 
343.04 

24.35 

20.82 

44.U 
34.96 

120.65 
89.40 

161.12 
188.29 

10.46 
9.57 

Amount  consumed,  . 

240.40  grams  manure  excreted. 

703.72 
226.26 

45.17 
23.71 

79.07 
31.00 

210.05 
56.90 

394.41 
108.04 

20.03 
6.61 

Grams  digested. 
Minus  hay  digested. 

477.46 
244.79 

21.46 
11.97 

48.07 

27.48 

153.15 

92.06 

241.37 

106.97 

13.42 

5.48 

Corn  siUjge  digested. 
Per  cent,  digested,    . 

232.67 
67.82 

9.49 
45.58 

20.59 

58.89 

61.09 
68.33 

134.40 
71.38 

7.94 
82.97 

Old  Sheep  III. 


Amount  consumed  as  above, 
224.20  grams  manure  excreted,     . 

703.72 
211.17 

45.17 
21.94 

79.07 
27.49 

210.05 
53.09 

349.41 
102.35 

20.03 
6.29 

Grams  digested 

Minus  hay  digested 

492.55 
244.79 

23.23 

11.97 

51.58 
27.48 

157.96 
92.06 

247.06 
106.97 

13.74 
5.48 

Com  silage  digested,      .... 

Per  cent,  digested, 

Average  per  cent,  for  both  sheep. 

247.76 
72.22 
70.02 

11.26 
54.08 
49.83 

24.10 
68.93 
63.91 

65.90 
73.71 

71.02 

140.09 
74.40 
72.89 

8.26 
86.31 

84.64 

Average  nutritive  ratio  of  rations  for  two  sheep,  1:  8.6. 
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EXPERIMENT   STATION. 


[Jan. 


White  Winter  Wheat  Meal.  —  Period  XV. 
Young  Sheep  I. 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

600  grams  English  hay  fed,    . 
250  grams  wheat  meal  fed, 

537.60 
219.. 50 

36.29 
4.17 

65.75 
28.69 

179.83 
5.22 

240.15 

176.68 

15.59 
4.74 

Amount  consumed, . 

218.60  grams  manure  excreted, 

757.10 

203.89 

40.46 
21.18 

94.44 

29.97 

185.05 
49.97 

416.83 
93.83 

20.33 
8.93 

Grams  digested. 
Minus  hay  digested. 

553.21 
354.39 

19.28 

18.85 

64.47 
40.75 

135.08 
131.04 

323.00 
1.55.28 

11.40 

8.45 

Wheat  meal  digested, 
Per  cent,  digested,   . 

198.82 
90.58 

.43 
10.31 

23.72 

82.68 

4.04 

77.39 

167.72 
94.93 

2.95 
62.24 

Young  Sheep  III. 


Amount  consumed  as  above, 
229.90  grams  manure  excreted. 

757.10 
214.01 

40.46 
19.58 

94.44 
30.48 

185.05 

56.28 

416.83 
98.94 

20.33 
8.73 

Grams  digested 

Minus  hay  digested,        .... 

543.09 
354.39 

20.88 
18.85 

63.96 
40.75 

128.77 
131.04 

317.89 
155.28 

11.60 
8.45 

Wheat  meal  digested 

Per  cent,  digested 

Average  per  cent,  for  both  sheep. 

188.70 
85.97 
88.28 

2.03 
48.68 
29.50 

23.21 
80.90 
81.79 

- 

162.61 

92.04 
93.49 

3.15 

66.46 
64.35 

Average  nutritive  ratio  of  rations  for  two  sheep,  1 :  7.4. 


Feed  Barley  Meal.  —  Period  XVI. 

Paige  Sheep  IV. 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

550  grams  English  hay  fed,    . 
250  grams  feed  barley  fed,     . 

491.43 

222.68 

33.17 

7.28 

60.10 
32.51 

164.38 
13.78 

219.52 

164.56 

14.25 

4.54 

Amount  consumed 

203.20  grams  manure  excreted,     . 

714.11 

188.89 

40.45 
23.61 

92.61 
26.18 

178.16 
43.60 

384.08 
87.76 

18.79 
7.74 

Grams  digested 

Minus  hay  digested,        .... 

525.22 
321.79 

16.84 
14.79 

66.43 
36.98 

134.56 
121.33 

296.32 
141.50 

11.05 
7.15 

Feed  barley  digested 

Per  cent,  digested 

203.43 
91.36 

2.05 

28.10 

29.45 
00.06 

13.23 

96.01 

154.82 

94.08 

3.90 
85.90 
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Feed  Barley  Meal  —  Concluded. 

Paige  Sheep   V. 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Amount  consumed  as  above, 
215  grams  manure  excreted,  . 

7U.11 
199.52 

40.45 
22.23 

92.61 
27.65 

178.16 
.50.66 

384.08 
91.28 

18.79 
7.70 

Grams  digested 

Minus  hay  digested 

514.59 
321.79 

18.22 
14.79 

64.95 
36.98 

127.50 
121.33 

292.80 
141.50 

11.09 
7.15 

Feed  barley  digested 

Per  cent,  digested 

Average  per  cent,  for  both  sheep. 

192.80 

86.58 
88.97 

3.43 
47.12 
37.64 

27.97 
86.10 

88.08 

6.17 
44.78 
70.40 

151.30 
91.94 
93.01 

3.94 
86.78 
86.34 

Average  nutritive  ratio  of  rations  for  two  sheep,  1: 6.8. 


Summary  of  Coefficients. 


Food. 

Sheep  and  Number. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Early  Amber  1 
Sorghum.         ) 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 
Average,  . 

69.36 
67.37 

42.98 
40.45 

45.36 
.50.91 

71.72 
65.22 

74.04 
73.35 

60.39 
65.10 

68.37 

41.72 

48.14 

68.47 

73.70 

62.75 

Pride    of    the  ( 
North    corn  \ 
fodder.             ( 

Old  Sheep  II.,     . 
Old  Sheep  III.,    . 
Average,  . 

71.89 
69.22 

40.06 

28.81 

64.45 
61.03 

66.50 
63.14 

77.76 
76.32 

78.37 
73.75 

70.56 

34.43 

62.74 

64.82 

77.04 

76.06 

Porto  Rico  mo-  1 
lasses.               ) 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 
Average,  . 

107.09 
90.93 

92.16 
80.02 

40.43 
10.17 

- 

102.76 
95.80 

- 

99.01 

86.09 

25.80 

- 

99.28 

- 

Porto  Rico  mo-  j 
lasses.               ) 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 
Average,  . 

91.89 

88.21 

47.38 
57.74 

- 

- 

95.35 
95.30 

90.05 

52.56 

- 

- 

95.33 

- 

EngUsh  hay,     .  j 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 
Average,   . 

66.05 
64.90 

43.76 
45.44 

60.86 
62.20 

75.44 

72.18 

64.85 
64.06 

49.88 
50.51 

65.48 

44.60 

61.53 

73.81 

64.46 

50.20 

English  hay,    .  < 

Old  Sheep  II.,     . 
Old  Sheep  III.,    . 
Average,  . 

69.38 
66.36 

51.01 
47.33 

63.20 
61.41 

78.04 
74.55 

68.29 
65.56 

55.21 
49.53 

67.87 

49.17 

62.31 

76.30 

66.39 

52.37 
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Summai'y  of  Coefficients  — 

Concluded. 

Food. 

Sheep  and  Number. 

Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Gluten  feed,     . 

Paige  Sheep  IV., 
Paige  Sheep  V., . 
Average,  . 

93.78 

97.  as 

78.07 

98.67 

89.26 
92.91 

123.46 
128.92 

93.42 
97.03 

75.70 

79.68 

95.81 

88.37 

91.09 

126.19 

95.23 

77.69 

Porto  Rico  mo-  ) 
lasses.               ) 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 
Average,  . 

76.50 
72.53 

64.12 
65.25 

- 

- 

86.93 

84.80 

- 

74.52 

64.69 

- 

- 

85.87 

- 

English  hay,    .  • 

Young  Sheep  I.,  . 
Young  Sheep  II., 
Young  Sheep  III., 
Average,  . 

66.04 
66.75 
64.98 

.TO.  60 
52.31 
52.95 

63.15 
60.43 
62.37 

72.68 
74.87 
71.05 

65.01 
65.29 
63.68 

53.17 
55.6.4 
53.88 

65.92 

51.95 

61.98 

72.87 

64.66 

54.23 

Green  Diamond  | 
sugar  feed.       ) 

Old  Sheep  III.,    . 
Paige  Sheep  IV., 
Average,  . 

69.58 
61.49 

38.91 
36.41 

71.52 
67.61 

51.76 
35.79 

78.42 
70.36 

91.65 
75.49 

65.54 

37.66 

69.  ,57 

43.78 

74.39 

83.57 

Sea  Island  cot-  ) 
ton-seed  meal. ) 

Paige  Sheep  IV., 
Paige  Sheep  V.,  . 
Average,  . 

60.21 
75.69 

80.34 

88.79 

77.14 
80.04 

40.32 

73.02 
83.34 

99.74 
100+ 

67.95 

84.56 

78.39 

40.32 

78.18 

100.00 

Red  wheat  meal,  \ 

Young  Sheep  I., . 
Young  Sheep  III., 
Average,  . 

88.15 
83.41 

25.79 
29.37 

68.49 
65.70 

40.05 

93.98 
90.96 

80.65 
79.29 

85.78 

27.58 

67.10 

- 

92.47 

79.97 

Learning    corn  ( 
silage.               J 

Old  Sheep  II.,      . 
Old  Sheep  III.,    . 
Average,  . 

67.82 

72.22 

45.58 
54.08 

58.89 
68.93 

68.33 
73.71 

71.38 
74.40 

82.97 
86.31 

70.02 

49.83 

63.91 

71.02 

72.89 

84.64 

White  winter  ( 
wheat  meal.     ) 

Young  Sheep  I.,  . 
Young  Sheep  III., 
Average,  . 

90.58 
85.97 

10.31 

48.68 

82.68 
80.90 

77.39 

94.93 
92.04 

62.24 
66.46 

88.28 

29.50 

81.79 

- 

93.49 

64.35 

Feed    barley 
meal. 

Paige  Sheep  IV., 
Paige  Sheep  V., . 
Average,  . 

91.36 

86.58 

28.16 
47.12 

90.06 
86.10 

96.01 

44.78 

94.08 
91.94 

85.90 
86.78 

88.97 

37.64 

88.08 

70.40 

93.01 

86.34 
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Discussion  of  the  Results. 
Early  Amber  Sorghum.  —  This  seed  was  sown  broadcast 
May  25  at  the  rate  of  60  pounds  to  the  acre,  and  the  crop 
was  cut  for  soiling.  It  made  a  satisfactory  growth,  yielding 
at  the  rate  of  19  tons  to  the  acre.  The  digestion  trial  began 
August  13,  as  the  sorghum  was  heading  out,  and  the  faeces 
were  collected  August  20  to  26,  when  the  plants  were  fully 
headed  and  the  seed  forming,  at  which  period  it  is  probably 
at  its  best  for  soiling  purposes. 

Summary  of  the  Coefficients  (Per  Cent.). 

Period  I. 


Sheep. 

o  a 

1"  oj  «; 

bo 

_a 

Is 

J3 
< 

.9 

i 

J3 

o  «  o 
!Z5 

"S 
^ 

Paige  Sheep  IV.,      . 

Paige  Sheep  V.,        ... 

1 

1 

1 

1 

69.36 
67.37 

42.98 
40.45 

45.36 
50.91 

71.72 

65.22 

74.04 
73.35 

60.39 
65.10 

Average, 

Barnyard  millet  for  compari- 
son. 

Corn  fodder   (immature)  for 
comparison. 

1 
3 
5 

2 
6 
14 

68.37 
70.00 
68.00 

41.72 
56.00 
42.00 

48.14 
65.00 
66.00 

68.47 
73.00 
65.00 

73.70 
71.00 
71.00 

62.75 
58.00 
68.00 

The  two  trials  with  the  sheep  agree  quite  well  with  each 
other,  and  likewise  with  millet  and  com  fodder  at  a  similar 
stage  of  growth.  The  protein  only  seems  to  be  less  digestible 
than  that  contained  in  the  other  two  fodders.  Sorghum  is 
eaten  well  by  dairy  cattle,  is  available  just  before  corn  is 
sufficiently  mature  to  be  at  its  best,  and  is  considered  a 
satisfactory  addition  to  the  list  of  soiling  crops  for  Massa- 
chusetts. A  fuller  discussion  of  the  merits  of  this  plant  for 
soiling  will  be  presented  later. 

Pride  of  the  North  Dent  Corn  Fodder.  —  The  samples 
were  taken  from  a  large  field  of  exceptionally  thrifty  and 
well-eared  fodder.  The  stalks  were  quite  stout  and  the  ears 
fully  developed.  Sampling  was  begun  September  5,  and  the 
faeces  were  collected  September  13  to  19,  at  which  time  the 
grain  was  in  the  dough  and  denting.  The  entire  plant  was 
cut  fine  before  being  fed.  It  contained  77.4  per  cent,  water 
and  8.83  j^er  cent,  protein  in  dry  matter. 
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Summary  of  the  Coefficients  (Per  Cent.) . 


Period  II. 


OH   ^ 

,    , 

O     fl 

a  ^ 

'a 

£h 

*j^ 

ta 

s 

M      ^ 

.3 

S 
>. 

t* 

.d 

o 

O   OJ   o 
._  'M  +3 

|2i 

02 

« 

< 

p^ 

f^ 

iz; 

1 

1 

71.89 

40.06 

64.45 

66.50 

77.76 

1 

1 

69.22 

28.81 

61.03 

63.14 

76.32 

1 

2 

70.56 

34.43 

62.74 

64.82 

77.04 

9 

17 

68.00 

34.00 

53.00 

57.00 

73.00 

fR 


Old  Sheep  II 

Old  Sheep  III. 

Average 

Average  all  experiments,  Dent 
corn  fodder  for  comparison. 


78.37 
73.75 
76.06 
74.00 


The  two  sheep  consumed  the  fodder  readily,  suffered  no 
digestion  disturhances  and  gave  closely  agreeing  results.  The 
average  coefficients  secured  with  the  two  sheep  agree  as  closely 
as  could  be  expected  with  the  average  of  all  results  for  mature 
Dent  fodder.  The  present  experiment  shows  in  a  very  satis- 
factory manner  the  degree  of  digestibility  of  an  excellent 
variety  of  Dent  fodder  that  will  mature  in  Massachusetts. 

Porto  Rico  Molasses.  ■ —  Molasses  from  Porto  Rico  has  been 
freely  offered  in  Massachusetts  for  cattle  feeding  at  a  cost  of 
13  cents  a  gallon  of  12  pounds  in  barrel  lots.  The  material, 
while  dark  colored,  w^as  of  a  satisfactory  quality.  It  con- 
tained 20  to  28  per  cent,  of  w^ater  (about  24  per  cent,  aver- 
age), and  in  its  natural  condition  about  3  per  cent,  of  crude 
protein  (largely  amids),  6.3  per  cent,  of  ash,  and  the  balance 
cane  and  invert  sugars  and  allied  substances  (extract  matter). 
It  can  be  safely  assumed  that  molasses,  being  quite  soluble  in 
water,  is  easily  digested  and  resorbed  in  the  digestive  tract. 
Three  digestion  experiments  were  made  by  feeding  different 
quantities  of  the  molasses  in  combination  with  hay,  and  hay 
and  gluten  feed,  in  order  to  note  its  effect  upon  the  digestion 
of  the  other  feed  stuffs.^ 


1  It  is  a  weU-known  fact  that  the  addition  of  excessive  quantities  of  starch  and  sugar 
causes  a  distinct  depression  in  digestibility  of  the  other  feed  stuffs.  See  summary  in 
Kellner  (already  cited),  page  48. 
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Summary  of  the  Coefficients  (Per  Cent.). 

Period  III. 
[800  grams  hay,  150  grams  molasses  and  10  grams  salt.] 


Sheep. 

"ofl 

1J  4J  w! 

< 

1 

u 

•2 

be     ^ 
o  a>  V 

|25 

i 

Paige  Sheep  IV., 

Paige  Sheep  V 

1 
1 

1 

1 

107.09 
90.93 

92.16 

80.02 

40.43 
10.17 

- 

102.76 
95.80 

- 

Average 

1 

2 

99.01 

86.09 

25.30 

- 

99.28 

- 

The  results  show  that  apparently  Sheep  IV.  digested  rather 
more,  and  Sheep  V.  some  9  per  cent,  less,  than  the  quantity 
fed.  The  average  coefficients  for  the  two  sheep  indicate  that 
the  dry  matter  of  the  molasses  was  fully  digested.  It  is  prob- 
ably true,  however,  that  in  case  of  Sheep  IV.  the  addition  of 
150  grams  of  molasses  to  the  hay  ration  increased  the  digest- 
ibility of  the  dry  matter  of  the  hay  some  7  per  cent.,  and  in 
case  of  Sheep  V.  decreased  the  digestibility  of  the  hay  about 
a  like  amount.  The  results  can  be  still  further  explained  by 
the  following  figures :  — 

Sheep  IV. 


Dry 

Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Digested  of  800  grams  hay  fed  alone 
(grams). 

Digested  of  800  grams  hay  + 150  grams 
molasses. 

Minus  150  grams  molasses  fed,  as- 
sumed to  be  all  digested  (grams). 

Leaves  for  800  grams  hay  digested 
when  fed  with  molasses. 

Difference, 

408.87 
523.71 
107.24 
416.47 

+7.60 

23.43 

31.78 

9.06 

22.72 

32.85 

34.56 

4.23 

30.33 

-2.52 

133.86 
141.89 

141.89 
+8.03 

210.30 
306.85 
93.95 
212.90 
+2.60 

8.12 

8.54 

8.54 
+.42 

It  will  be  seen  that  in  case  of  Sheep  IV.  the  feeding  of  150 
grams  of  molasses  with  800  grams  of  hay  increased  the  digest- 
ibility of  the  hay  Y.6  grams.  By  this  method  of  feeding  the 
digestibility  of  the  fiber,  extract  matter  and  fat  in  the  hay 
was  increased  11.05  grams  and  the  digestibility  of  the  ash 
and  protein  depressed  3.23  grams.  If  150  grams  of  molasses 
increased  the  digestibility  of  the  hay  7.32  grams  (7.60),  100 
grams  of  molasses  would  increase  it  5.1  grams. 
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Sheeii    V. 


Digestion  of  800  grams  hay  fed  alone 

(grams). 
Digested  of  800  grams  hay  + 150  grams 

molasses  (grams). 
Minus  150  grams  molasses  fed  assuvned 

to  be  all  digested  (grams). 
Leaves   for   t<00  grams    hay    digested 

when  fed  with  molasses. 
Difference, 


Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

408.87 

23.43 

32.85 

133.86 

210.30 

506.38 

30.08 

33.28 

133.82 

300.30 

107.24 

9.06 

4.23 

- 

93.95 

309.14 

21.62 

29.05 

133.82 

206.35 

—9.73 

—1.81 

—3.80 

—  .04 

—3.95 

8.12 
8.31 


8.31 
+.19 


Sheep  V.  digested  9.36  (9.73)  grams  less  liay  when  the 
latter  was  fed  with  the  molasses  than  when  it  was  fed  alone, 
or  100  grams  of  molasses  caused  a  depression  of  6.05  grains 
in  the  digestibility  of  the  hay.  The  results  secured  in  this> 
particular  experiment  (Period  III.)  are  contradictory,  and 
definite  conclusions  cannot  be  drawn  other  than  to  conclude 
that  this  quantity  of  molasses  was  well  assimilated,  without 
causing  any  serious  digestion  depression. 


Period  IV. 
[800  grams  hay  ■\-  250  grams  molasses  +  10  grams  salt.J 


Sheep. 

S  *  oo 

."3 

to 

a 

Dry  Matter.! 

Ash. 

1 

_a 
0 

u 

a  X 
»W 

bo     jj 

0  ®  0 
h  <o  a 

^ 

f^ 

Paige  Sheep  IV 

Paige  Sheep  V.,         ... 

1 
1 

1 

1 

91.89 

88.21 

47.38 
.57.54 

- 

- 

95.35 
95.30 

- 

Average, 

1 

2 

90.05 

52.50 

- 

- 

95.33 

- 

It  seems  apparent  that  90  per  cent,  of  the  total  dry  matter 
of  the  molasses  was  digested,  equivalent  to  one-half  of  the 
ash,  none  of  the  protein  and  95  per  cent,  of  the  extract  matter. 
That  these  results  are  more  apparent  than  real  can  be  shown 
from  the  following :  — 
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Acer  age, 

ISIiccp 

/)'.  a)ul  F. 

Dry 
Matter. 

Ash. 

Protein. 

Fiber. 

Nitrogen- 
free 
Extract. 

Fat. 

Digested  of  800  grams  hay  fed  alone 
(grains). 

Digestcti  of  yOO  grams  hay  +  250  grams 
mohisses  (grams). 

Minus  250  grams  molasses  fed,  as- 
sumed to  be  all  digested  (grams). 

Leaves  for  800  grams  hay  digested 
when  fed  with  molasses. 

Difference 

404.56 
566.92 
180.30 
386.62 
—17.94 

23.19 
31.20 
15.24 

15.96 
—7.23 

32.51 

32.04 

7.10 

24.94 

-7.57 

132.44 

136.99 

136.99 
-H.55 

208.07 
358.65 
157.96 
200.69 

—7.38 

8.03 
8.00 

8.06 
+  .03 

The  average  results  for  the  two  sheep  show  that  17.94: 
(17.60)  grams  less  hay  were  digested  wdien  250  grams  of 
molasses  were  fed  than  when  the  hay  was  fed  by  itself;  or 
100  grams  of  molasses  caused  a  depression  of  7.2  grams  in 
the  digestibility  of  the  dry  matter  of  the  hay.  The  molasses 
depressed  the  digestibility  of  the  ash,  protein  and  extract 
matter  of  the  hay.  Excluding  the  ash,  100  grams  of  molasses 
caused  a  depression  of  4.1  grams  in  the  digestibility  of  the 
organic  matter  of  the  hay.  Molasses  and  hay  naturally 
would  not  make  a  satisfactory  combination  for  any  kind  of 
farm  stock.  A  more  suitable  ration  would  consist  of  hay,  a 
protein  concentrate  and  molasses ;  consequently,  the  digest- 
ibility of  the  latter  was  tested  in  combination  with  hay  and 
gluten  feed,  with  the  following  results :  — 


Period  VI  11. 
[600  grams  hay,  200  grams  gluten  feed,  250  grams  molasses,  10  grams  salt.] 


Sheep. 

o  a 

u   * 

33  aj  m 

i 

>> 

< 

a 

1 

1 
f4 

Nitrogen- 
free    Ex- 
tract. 

Fat. 

Paige  Sheep  IV 

Paige  Sheep  V 

1 
1 

1 
1 

76.50 
72.53 

64.12 

65.25 

- 

- 

86.93 
84.80 

- 

Average, 

1 

2 

74.52 

64.59 

- 

- 

85.87 

- 

It  is  apparent  from  the  above  results  that  the  sheep  digested 
only  some  75  per  cent,  of  the  total  dry  matter  of  the  molasses. 
By  assuming  that  the  entire  quantity  of  molasses  fed  was 
digested,  the  following  results  are  secured :  — 
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Average,  Sheep  IV  and  V. 


Dry 
Matter. 

Nitrogen- 

Ash. 

Protein. 

Fiber. 

free 
Extract. 

Fat. 

Digested  of  hay  and  gluten  feed  when 

524.97 

18.75 

81.88 

148.40 

264.22 

11.74 

ted  without  molasses  (grams). 

Digested  of  hay  and  gluten  feed  fed 

660.31 

29.58 

79.47 

139.96 

399.66 

11.61 

with  molasses. 

Minus    2.")0    grams    molasses   fed,  as- 

181.68 

16.75 

7.16 

_ 

157.77 

_ 

sumed  to  Ik-  all  digested  (grams). 

Hay  and  gluten  feed  digested  when 

478.63 

12.83 

72.31 

139.96 

241.89 

11.61 

fed  trith  molasses  (grams). 

DifEerence 

—46.34 

—5.92 

—9.57 

—8.44 

-22.33 

— 13 

The  average  results  for  the  two  sheep  show  that  46.34 
grams  less  of  the  dry  matter  of  the  hay  and  gluten  feed  were 
digested  with  than  without  the  molasses;  or  100  grams  of 
molasses  caused  a  dej^ression  of  18.5  grams  in  the  digestibility 
of  the  hay  and  gluten  ration.  Excluding  the  ash,  100  grams 
of  molasses  caused  a  dejDression  of  3.8  grams  protein  and  12.3 
non-protein  substances. 

When  250  grams  of  molasses  were  fed  in  connection  with 
hay,  the  digestion  dejDression  for  organic  matter  was  at  the 
rate  of  4  grams  per  100  grams  molasses ;  and  when  fed  in 
connection  with  hay  and  a  nitrogenous  concentrate,  the  diges- 
tion deiDression  was  10.1  grams.  It  is  intended  to  repeat  the 
latter  experiment  by  feeding  different  quantities  of  molasses 
with  hay  and  gluten  feed,  in  order  to  see  if  the  depression 
continues  as  high  as  that  observed  in  the  present  test. 

The  average  of  three  complete  analyses  of  Porto  Rico 
molasses  has  shown  it  to  contain,  in  round  numbers,  24  per 
cent,  of  water,  6.25  per  cent,  ash,  2.75  per  cent,  protein  and 
07  per  cent,  carbohydrates.  Inasmuch  as  the  so-called  protein 
is  practically  all  in  amido  or  other  forms  which  are  of  no 
value  as  sources  of  nutrition,  it  may  be  said  that  the  food 
value  of  molasses  consists  in  its  67  per  cent,  of  carbohydrates. 
Applying  the  digestion  coefficient  of  80,  obtained  for  the 
digestibility  of  the  extract  matter  when  the  molasses  was  fed 
in  combination  with  hay  and  gluten  feed,  one  obtains  58  per 
cent,  of  digestible  carbohydrates,  equivalent  to  1,160  pounds 
in  a  ton. 
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By  deducting  16  grams,  or  16  pounds  (for  the  digestion 
depression),  from  the  70  per  cent,  of  total  organic  matter, 
molasses  may  be  said  to  contain  54  per  cent,  of  digestible 
organic  matter,  equivalent  to  1,080  pounds  in  a  ton.  In  the 
light  of  the  above  results,  it  is  evident  that  2,000  pounds  of 
Porto  Rico  molasses  contain  between  1,080  and  1,160  of 
easily  digestible  carbohydrates,  and  that  its  crude  protein  has 
little  or  no  value  as  a  source  of  nutrition.^ 

Kellner  ^  considers  the  value  of  beet  sugar  molasses  to 
consist  in  its  55  per  cent,  of  digestible  carbohydrates,  allow- 
ance being  made  for  the  digestion  depression.  Lehmann,^ 
as  a  result  of  three  digestion  experiments  (9  single  trials), 
feeding  hay,  cotton-seed  or  palm-nut  meal,  and  200,  300  and 
400  grams  of  molasses,  secured  a  digestion  depression  of  11 
per  cent.,  or  11  grams,  per  100  grams  of  molasses  fed.  De- 
ducting this  from  the  71  per  cent,  of  organic  matter,  he 
declares  the  value  of  the  beet  molasses  to  consist  in  its  60 
per  cent,  of  digestible  carbohydrates. 

English  Hay.  —  This  hay  consisted  largely  of  Kentucky 
blue  grass  (Poa  pratensis),  with  an  admixture  of  more  or  less 
red  clover.  It  was  cut  when  in  bloom,  well  cured,  and  used 
in  periods  V.,  VL,  VIL,  VIIL,  IX.,  XL,  XII.,  XIIL, 
XIV.,  XV.  and  XVI. 

1  One  is  not  likely  to  feed  over  3  pounds  of  molasses  daily  to  dairy  stock  or  to  horses, 
which  is  equivalent  to  approximately  10  per  cent,  of  the  di-y  matter  of  the  total  ration. 
In  our  digestion  experiment  with  hay  and  gluten  feed,  molasses  constituted  20  i)er  cent. 
of  tlie  dry  matter  of  the  ration ;  and  in  Lehniann's  experiments,  25  per  cent.  If  only 
10  per  cent,  of  the  total  dry  matter  in  the  daily  ration  should  consist  of  molasses,  the 
question  naturally  arises  as  to  whether  this  amount  would  cause  so  much  of  a  depres- 
sion as  when  larger  quantities  were  fed.    This  matter  is  being  investigated. 

2  Kellner  (already  cited),  page  350. 

3  Landw.  Jahrbucher,  Vol.  XXV.    Erganzungsband  11, 1894,  pages  117-120. 
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Sumviary  of  the  Coefficients  (Per  Cent.'). 

Periods  V.,   VI.,  IX. 


Sheep. 

o  a 

u  * 

"IJ   »   m 

3 

to 

U 

o 

< 

.s 

o 

u 

1 

a  >< 

O   <D    CJ 

1 

Paige  Sheep  IV 

Paige  Sheep  V 

1 

1 

66.05 
64.90 

43.76 

45.44 

60.86 
62.20 

75.44 

72.18 

64.85 
64.06 

49.88 
50.51 

Average 

2 

63.48 

44.60 

61.53 

73.81 

64.46 

50.20 

Old  Sheep  II 

Old  Sheep  III. 

1 
1 

69.38 
66.36 

51.01 
47.33 

63.20 
61.41 

78.04 
74.55 

68.29 
&5.56 

55.21 
49.53 

Average 

2 

67.87 

49.17 

62.31 

76.30 

66.39 

52.37 

Young  Sheep  I.,        ... 
Young  Sheep  II., 
Young  Sheep  III.,     . 

1 
1 

I 

6G.04 
66.75 
64.98 

.50.60 
5-2.31 
52.95 

63.15 
60.43 
62  ..37 

72.68 
74.87 
71.05 

65.01 
65.29 
63.68 

53.17 
55.64 
53.88 

Average,      .... 

3 

65.9-2 

51.95 

61.98 

72.87 

64.66 

54.23 

Average,  seven  sheep. 

Average  all   previous  trials, 
similar  hay  for  comparison. 

15 

7 
GO 

66.85 
60.00 

49.05 
47.00 

61.95 
57.00 

75.55 
60.00 

65.10 
61.00 

52.55 
50.00 

Tlie  tliree  lots  of  sheep  digested  tlie  hay  quite  imiforinly. 
The  Old  Sheep  gave  slightly  higher  digestion  coefficients  than 
the  other  two  lots,  — ■  a  condition  v^hich  has  been  noticed  in 
previous  trials.  The  hay  proved  to  have  a  higher  digestibility 
than  the  average  of  previous  lots ;  the  high  digestibility  of  the 
fiber  indicates  that  the  ligiiin  substances  were  only  slightly 
developed,  or,  in  other  words,  that  the  grass  was  tender  and 
comparatively  immature. 

Gluten  Feed.  —  The  sample  of  gluten  feed,  consisting  of 
the  gluten,  skins,  starchy  matter  and  broken  germs  of  the 
Indian  corn,  was  in  good  condition,  although  a  little  below  the 
average  in  protein. 
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Summary  of  Cocfficiaits  (^Pcr  Cent.). 
Period  VIII. 


Shbbp. 

Number  of  | 
Different 
Lots. 

05 

bo 

.g 

CO 

1 

O 

1 

Sw 

bo      +^ 

O   OJ   u 

.Th  SH   4^ 

Fat. 

Paige  Sheep  IV 

Paige  Sheep  V., 

i 

1 

7 

1 
1 

93.78 

97.83 

78.07 
98.67 

89.26 
92.91 

123.46 
128.92 

93.42 
97.03 

75.70 
79.68 

Average,      .... 
Average  previous  trials   for 
comparison. 

2 
13 

95.81 
86.00 

88.37 

91.09 
85.00 

126.19 
76.00 

95.23 
89.00 

77.69 
83.00 

The  gluten  feed  appears  to  have  been  thoroughly  digested, 
showing  higher  coeiHcients  than  the  average  of  previous  trials. 
It  is  probable  that  the  addition  of  the  gluten  to  the  hay 
ration  somewhat  increased  the  digestibility  of  the  latter.  It 
not  being  possible,  however,  to  ascertain  to  what  extent 
this  increase  took  place,  one  is  compelled  to  deduct  from  the 
total  ration  the  hay  digested  (using  the  coefficients  obtained  for 
the  hay  when  fed  by  itself),  thus  causing  most  of  the  gluten 
coefficients  to  appear  too  high  ^  (note  especially  the  fiber). 

Green  Diamond  Sugar  Feed.  —  This  sugar  feed  has  a 
similar  appearance  and  is  of  the  same  general  type  as  those 
already  reported  (see  this  report,  pages  119,  120).  Period 
X.  started  with  two  sheep,  but  the  faeces  produced  by  one 
sheep  were  so  soft  that  it  was  not  possible  to  complete  the 
test.  Another  trial  with  another  sheep  was  also  unsatisfac- 
tory. A  third  trial,  in  Period  XIV.,  with  Paige  Sheep  IV., 
was  satisfactorily  completed. 


Summary  of  Coefficients  (Per  Cent.). 

Periods  X.  and  XIV. 


Sheep. 

Number  of 
Different 
Lots. 

be 

.3 

1 
Dry  Matter.' 

< 

a 

1 

Xi 

O   (D   O 

'A 

Fat. 

Old  Sheep  III 

Paige  Sheep  IV., 

1 
1 

1 

1 

69.58 
61.49 

38.91 
36.41 

71.52 
67.61 

51.76 
35.79 

78.42 
70.36 

91.65 
75.49 

Average,      .... 
Average  of  three  other  sugar 

feeds  (Series  X.). 
Average  all  trials,     . 

1 
3 

4 

2 

6 

s 

65.54 
70.44 

69.21 

37.66 
30.37 

32.20 

69.57 
61.77 

63.72 

43.78 
53.30 

50.92 

74.39 
78.40 

77.40 

83.57 
88.20 

87.04 

1  The  addition  of  a  concentrated  feed  rich  in  protein  tends  to  improve  the  digesti- 
bility  of  the  total  ration,  especially  the  fiber.    (See  Kelln'er,  loco  citato,  pages  51-53.) 
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Sheep  III.  digested  the  feed  rather  better  than  Sheep  IV. 
Attention  has  already  been  called  to  the  fact  that  the  Old 
Sheep  had  a  slightly  stronger  digestion  than  the  others,  but 
why  the  difference  should  be  so  noticeable  is  difficult  to 
explain. 

The  protein  in  the  sample  of  Green  Diamond  experimented 
with  was  better  digested  than  that  in  the  several  other  sugar 
feeds.  The  results  secured  with  Sheep  III.  and  the  average 
results  of  all  trials  agree  closely;  and  it  may  safely  be  said 
that  this  feed  has  about  the  same  type  of  composition  and  a 
like  degree  of  digestibility  as  the  other  sugar  feeds  examined. 
The  average  results  of  all  trials  show  the  sugar  feeds  to  be 
only  moderately  digestible,  being  noticeably  less  so  than  either 
flour  middlings  or  gluten  feed. 

Sea  Island  Cottonseed  Meal.  —  This  meal  contained  a 
large  quantity  of  hulls,  showing  only  24-25  per  cent,  of 
protein,  5-6  per  cent,  of  fat  and  some  18  per  cent,  of  fiber. 
It  is  claimed  that  the  hulls  of  this  variety  of  seed  are  thin, 
and  that  it  is  not  possible  (or  profitable)  to  thoroughly  sep- 
arate them  from  the  meats. 

Summary  of  Coefficients  (^Per  Cent.^. 

Period  XL 


Sheep. 

"o  a 

Is 

1 

< 

'S 

O 

C  X 
bo     -M 

O  OJ  o 

Fat. 

Paige  Sheep  IV., 

1 

60.21 

80.34 

77.14 

- 

73.02 

99.74 

Paige  Sheep  V., 

1 

75.69 

88.79 

80.04 

40.32 

83.34 

100+ 

Average,       .... 

2 

67.95 

84.56 

78.59 

40.32 

78.18 

100.00 

SimiLar  material  (Maine), 

2 

62.00 

- 

73.00 

38.00 

68.00 

90.00 

Cotton-seed  meal  (high  grade) , 

12 

79.00 

84.00 

84.00 

35.00 

78.00 

94.00 

Sheep  TV.  was  not  able  to  digest  the  meal  as  fully  as  was 
Sheep  Y.  The  cause  of  this  difference  is  due  largely  to  the 
indigestible  character  of  the  tough,  woody  fiber.  The  co- 
efficients secured  at  the  Maine  station  for  a  similar  meal  are 
somewhat  lower  than  those  obtained  in  the  present  experi- 
ment. 

The  fat  in  the  low-grade  meal  is  shoA^Ti  to  be  nearly  all 
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available,  wliile  the  protein  is  somewhat  less  digestible  than 
that  contained  in  a  high-grade  meal;  the  chief  difference, 
however,  in  the  digestibility  of  the  two  grades  is  to  be  fonnd 
in  the  total  dry  and  extract  matter,  decidedly  lower  coefficients 
being  secured  from  the  low^-grade  meal  containing  a  high 
fiber  percentage.  Cotton-seed  meal  of  first  quality  should 
contain  in  2,000  pounds  about  TOO  to  700  2)ounds  protein,  44 
pounds  fiber,  380  pounds  extract  matter  and  192  jDounds  fat, 
or  1,346  pounds  digestible  organic  matter  in  one  ton.  A  low- 
grade  meal  will  contain  380  pounds  protein,  144  pounds  fiber, 
540  pounds  extract  matter  and  142  pounds  fat,  or  1,206 
pounds  digestible  organic  matter  in  a  ton.  The  low-grade 
meal  contains  only  about  one-half  as  much  of  the  most  valu- 
able ingredient  (digestible  protein)  as  does  the  high-grade 
meal.  The  former  meal  wnll  likewise  require  considerably 
more  energy  for  its  digestion. 

Leaming  Corn  Silage.  —  The  Teaming  corn  is  a  large  dent, 
that  will  usually  mature  its  grain  in  Massachusetts.  The 
silage  was  in  nice  condition,  and  was  made  from  matured  and 
well-eared  corn.  The  sheep  ate  the  silage  well,  continued  in 
good  condition,  and  during  the  entire  trial  left  only  25  and 
40  grams  each  of  the  hard  butts. 


Period  XIII. 
[400  grams  hay,  1,600  grams  silage,  10  grams  salt.] 


Sheep. 

«4H   -^ 

o  a 

.1 

S 

< 

.a 

o 
u 

1 

bo      ^ 

o  <s  o 

h   <£   C3 

Fat. 

Old  Sheep  II.,    .        .       .       . 
Old  Sheep  III.,  .... 

1 
1 

1 
1 

67.82 
72.3-2 

45.58 

154.08 

58.89 
68.93 

68.33 
73.71 

71.38 
74.40 

82.97 
86.31 

Average,      .... 

Dent  silage,  mature,  all  trials 
for  comparison. 

1 

9 

■2 

2.') 

70.02 
66.00 

49.83 
.87.00 

63.91 

50.00 

71.02 
64.00 

72.89 
71.00 

84.64 
82.00 

The  two  sheep  showed  closely  agreeing  results  excej^t  in  case 
of  the  protein.  Sheep  III.  digesting  10  per  cent,  more  than 
Sheep  II.  The  Leaming  corn  is  highly  esteemed  by  many 
farmers  for  silage  purposes ;  and  the  fact  that  it  will  generally 
mature  its  grain,  together  with  its  high  degree  of  digestibility, 


154 


EXPERIMENT   STATION. 


[Jan. 


as  shown  by  tlie  above  coefficients,  shows  the  preference  to  be 
a  wise  one.  The  average  results  of  the  two  trials  are  rather 
higher  than  the  general  average  of  all  experiments  with  dif- 
ferent varieties  of  Dent  corn. 

Red  and  White  Wheat  and  Barley  Meals.  —  The  several 
grains  were  purchased  of  local  dealers.  Neither  variety  of 
wheat  was  suitable  for  milling;  the  former  contained  some 
shrunken  berries  and  a  f  ew^  w^eed  seeds,  and  the  latter,  while 
fairly  plump,  was  off  color.  The  barley  ^vas  known  as  "  feed 
barley ;  "  it  was  not  plump  and  full,  and  was  a  trifle  musty. 
The  grains  were  sold  as  food  for  poultry,  and  may  be  con- 
sidered of  a  fairly  satisfactory  quality  for  such  a  purpose. 
The  red  wheat  retailed  at  $1.65,  the  white  at  $1.80  and  the 
barley  at  $1.30  per  hundred  pounds.  The  analyses  and  the 
digestion  trials  were  made  for  the  purpose  of  ascertaining 
their  relative  values  for  feeding  purposes. 


Comjjosition  (Per  Ge7it.'). 


Feed. 

Water. 

Ash. 

Protein.    Fiber. 

Extract 
Matter. 

Fat. 

Red  wheat 

White  wheat 

Feed  barley, 

1-2 
12 
11 

1.C9 
1.67 
2.91 

8.76 
11.5!) 
12.99 

2.64 
2.11 
5.52 

72.45 

70.84 
65.78 

2.46 
1.90 
1.80 

Each  of  the  two  samples  of  wheat  contained  a  trifle  less 
than  12  per  cent,  water,  and  the  results  were  therefore  cal- 
culated to  that  basis  for  comparison.  The  white  wheat  tested 
a  little  better  than  the  red,  containing  nearly  3  per  cent,  more 
protein  and  a  little  less  fiber.  It  is  doubtful,  however,  if  these 
figures  would  hold  true  in  all  cases.  In  fact,  it  is  well  kno^vn 
that  both  climate  and  soil  have  great  influence  on  the  quality 
of  wheat  and  gradually  modify  varieties. 

The  barley  showed  rather  more  protein  than  is  usually 
found  in  this  grain.  It  is  probable  that  it  had  not  been  fully 
ripened  when  cut,  thus  preventing  the  most  complete  develop- 
ment of  the  starch. 
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Summari)  of  Coefficients  {Per  Cent.). 

Periods  XII.,  XV.  ami  XVI. 
[Red  Wheat.] 


Shbbp. 

o  a 

^    ^    rii 

.1 

to 

g 

1 

>> 

_g 

O 

Sw 

o  o  « 

1 

Youug  Sheep  I.,         ... 
Young  Sheep  III.,     . 

1 
1 

1 
1 

88.1.') 
83.41 

25.79 
29.37 

68.49 
6.5.70 

40.0.5 

93.98 
90.96 

80.6.5 
79.29 

Average 

1 

•2 

8.5.78 

27.. 58 

67.10 

- 

92.47 

79.97 

[A\Tiite  Wheat.] 


Young  Sheep  I.,         ... 
Young  Sheep  III.,     . 

1 
1 

1 
1 

90. .58 

85.97 

10.31 

48.68 

82.68 
80.90 

77. .39 

94.93 
92.04 

93.49 
93.00 

62.24 
64.35 

Average,       .... 
Average,  both  varieties,  . 

1 
3 

2 
4 

88.28 
87.03 

29.. 50 
28. .54 

81.79 
74.44 

~ 

G3.30 
71.30 

[Feed  Barley.] 


Paige  Sheep  IV., 
Paige  Sheep  V., 

1 

1 

I 
1 

91.36 

86.58 

28.16 
47.12 

90.06 
86.10 

96.01 

44.78 

94.08 
91.94 

85.90 

86.78 

Average,      .... 
Corn  for  comparison. 

1 
9 

2 
21 

88.97 
88.00 

.37.64 

88.08 
66.00 

76.40 

93.01 
92.00 

86.34 
91.00 

The  grains  were  ground  in  each  case  before  being  fed. 
Both  varieties  of  wheat  were  well  digested;  the  white  wheat 
appeared  to  have  been  slightly  better  digested  than  the  red. 
The  barley  was  likewise  quite  fully  digested,  showing  89  per 
cent,  of  digestible  dry  matter  and  88  per  cent,  of  digestible 
protein.  The  ratio  of  digestible  protein  to  carbohydrates  in 
the  red  wheat  was  1  to  9 ;  in  the  white  wheat,  1  to  7.4 ;  and 
in  the  barley,  1  to  6.8.  The  increased  digestibility  of  the 
protein  in  the  white  wheat  and  feed  barley  over  that  contained 
in  the  red  wheat  is  due  probably  to  the  relatively  higher 
percentage  of  protein  in  the  latter  two  grains,  and  conse- 
quently in  the  two  total  rations.^  It  is  believed  that  the 
protein  in  ordinary  grains  (maize,  wheat  and  barley)  is 
equally  and  quite  fully  digested,  providing  it  is  fed  in  a 
ration  having  a  ratio  of  1  to  8  or  less ;  and  that  the  apparent 

1  For  every  100  grams  of  dry  matter  fed,  a  reasonably  definite  amount  of  nitrogenous 
metabolic  by-products  are  egested,  mixed  with  the  faeces,  whether  the  ration  is  ricli  or 
poor  in  protein.  It  follows,  therefore,  that  the  smaller  the  amount  of  protein  in  the 
total  ration  the  smaller  will  i)e  the  amount  of  protein  left  (digested)  after  these  by- 
products v.'hich  are  included  in  the  fajces  have  been  deducted. 
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low  coefficient  (see  present  red  wheat  protein  coefficient,  and 
average  protein  coefficients  for  maize)  is  due  largely  to  the 
above-mentioned  cause.  ^  A  further  study  of  the  coefficients 
of  wheat,  barley  and  corn,  as  given  on  the  previous  pages, 
shows  the  extract  matter  to  have  practically  the  same  degree 
of  digestibility.^ 

On  the  basis  of  composition  and  of  the  digestion  coefficients 
secured,  the  white  variety  of  wheat  is  shown  to  be  some  9 
per  cent,  more  valuable  than  the  red.  Whether  this  would 
hold  true  as  a  general  nde  is  not  known.  Other  things  being 
equal,  the  higher  the  protein  content  of  the  wheat  the  more 
valuable  it  is. 

Taking  the  value  of  all  the  ingredients  into  consideration 
(protein,  fiber,  extract  matter  and  fat),  an  average  quality 
of  "  feed  barley "  appears  to  be  about  as  valuable  as  an 
average  quality  of  white  wheat,  and  both  grains  figure  slightly 
more  valuable  than  maize  (8  per  cent.).  Kellner  ^  considers 
these  three  grains  to  have  very  nearly  equal  relative  values, 
and  as  sources  of  carbohydrates  this  estimate  must  be  correct. 
Brooks  ■*  has  called  attention  to  the  fact  that,  with  a  plentiful 
supply  of  animal  protein,  corn  gives  rather  better  results 
than  wheat  for  egg  production,  and  at  less  relative  cost. 
In  view  of  their  composition  and  digestibility,  it  would  seem 
as  if  there  were  no  reason  to  expect  any  particular  difference 
in  the  feeding  effect  of  these  two  grains.  It  is  possible, 
however,  that  the  energy  required  for  the  digestion  of  the 
wheat  might  be  greater  than  that  required  to  digest  the  corn. 
It  is  well  known  that  poultry  are  particularly  fond  of  corn 
and  moderately  so  of  wheat,  but  do  not  care  especially  for 
barley.  This  fact  should  not  be  overlooked  in  comparing  the 
relative  merits  of  corn,  wheat  and  barley  for  this  class  of 
stock. 

1  For  every  100  grams  of  dry  matter  fed,  a  reasonably  definite  amonnt  of  nitrogenous 
metabolic  by-products  are  egested,  mixed  with  the  faeces,  whether  the  ration  is  rich  or 
poor  in  protein.  It  follows,  therefore,  that  the  smaller  the  amount  of  protein  in  the 
total  ration  the  smaller  will  be  the  amount  of  protein  left  (digested)  after  these  by- 
l)roducts  which  are  included  in  the  faeces  have  been  deducted. 

-  The  digestion  experiments  thus  far  made  with  poultry  show  the  dry  matter  in  com 
to  be  H7,  protein  84  and  extract  matter  92  per  cent,  digestible;  and  in  wheat  dry  matter 
84,  in'otein  77  and  extract  matter  89  per  cent,  digestible.  In  other  words,  poultry  digest 
the  two  grains  to  about  tlie  same  extent  as  sheep. 

3  Loco  ciUito,  page  hfA. 

*  Eighteenth  report  or  this  station,  page  152. 
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G.  E.  stone;   assistant,  n.  f.  monahan. 


Outline  of  Woek. 

The  work  of  this  department  has  been  devoted  during  the 
past  year  to  lines  of  investigation  pertaining  to  scientific  and 
practical  problems.  Attention  has  been  given  to  the  spraying 
of  potatoes,  and  to  a  study  of  the  stimulating  or  tonic  influence 
of  the  Bordeaux  mixture  on  the  photosynthesis  of  plants.  It 
has  long  been  recognized  by  many  observers  that  Bordeaux 
mixture,  besides  possessing  valuable  fungicidal  properties,  ex- 
erts a  tonic  effect  on  plant  assimilation.  The  factors  under- 
lying the  cause  of  this  favorable  influence  upon  assimilation, 
however,  are  not  well  understood,  and  investigations  are  to  be 
continued  relating  to  this  problem. 

A  continuation  of  our  studies  of  a  remedy  for  tomato  rot 
under  glass  has  been  carried  on,  and  it  will  be  necessary  to 
continue  these  investigations  siill  further  before  a  report  is 
made.  It  is  hoped  that  the  necessary  funds  for  a  new  green- 
house will  be  appropriated  this  winter  by  the  Legislature,  in 
order  that  this  work  and  other  problems  associated  with  green- 
house culture  may  be  investigated.  There  is  a  large  amount 
of  money  invested  in  greenhouses  at  the  present  time  in 
Massachusetts,  and  we  believe  we  are  within  the  limits  of 
safety  when  we  state  that  the  square  feet  of  greenhouse  space 
in  Massachusetts  ha^  been  doubled  within  the  past  five  years. 
Little  attention  has  been  given  to  this  line  of  investigation  by 
other  stations,  and  the  market-garden  and  florist  industry  is 
important  enough,  in  this  State  at  least,  to  receive  consider- 
able attention. 

During  the  past  summer  tests  have  been  made  of  some 
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blight-resisting  cantalouiDes  which  were  originated  in  Colo- 
rado. It  is  hoped  that  further  observations  may  be  made  on 
cantaloupes,  with  the  idea  of  securing  blight-resisting  types, 
since  at  the  present  time  crops  of  melons  free  from  blight 
are  a  rarity  in  Massachusetts. 

Some  bacterial  investigations  have  been  carried  on  which 
possess  a  bearing  on  various  problems,  but  it  is  not  deemed 
advisable  to  report  on  this  work  at  the  present  time. 

This  also  holds  true  in  regard  to  some  minor  experiments 
with  electricity  as  related  to  plants.  Extensive  observations 
have  been  made  in  regard  to  the  bearing  of  light  upon  plant 
growth,  more  particularly  in  regard  to  greenhouse  construc- 
tion and  other  problems. 

During  the  coming  year  w^e  expect  to  take  up  the  study  of 
some  climatic  influences  which  affect  the  production  of  both 
greenhouse  and  out-door  crops.  The  production  of  crops  is 
so  intimately  associated  with  such  factors  as  light,  heat, 
moisture,  etc.,  - —  factors  which  are  scarcely  appreciated  ex- 
cept by  skilled  greenhouse  growers,  —  that  a  more  extensive 
study  of  them  would  prove  of  value. 

During  the  year  a  large  number  of  mechanical  analyses 
of  soils  have  been  made  by  this  department,  most  of  which 
were  rose  soils.  These  analyses  were  made  for  expert  rose 
growers,  who  desired  to  secure  suitable  soils  for  the  growth 
of  American  Beauty  and  other  roses. 

Seed  Work. 

There  is  a  constantly  increasing  demand  upon  this  depart- 
ment for  work  pertaining  to  seed  germination,  seed  separa- 
tion and  purity  testing  of  seeds.  The  department  is  not  at 
present  sufficiently  well  equipped  for  purity  testing,  since  the 
best  w^ork  in  this  line  can  be  done  only  by  a  specialist,  or  by 
one  who  is  able  to  devote  considerable  study  to  the  subject. 

Most  of  our  seed  separation  is  done  for  tobacco  and  onion 
growers  of  the  Connecticut  valley,  and  for  this  work  tlie 
department  has  installed  efficient  appliances.  It  is  hoped  that 
market  gardeners  will  eventually  separate  their  seed,  since 
in  growing  such  crops  as  lettuce,  celery,  radishes,  etc.,  this 
practice  would  prove  valuable. 
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The  following  table  gives   a  condensed   statement   of  tlic 
work  done  by  this  department  on  seeds  dnring  the  year :  — 

Ficconls  of  Seed  Work  for  1906. 


Number  of 
Samples. 

Number  of 
Seed. 

Weiglit 
(Pounds). 

Good  Seed 
(Per  Cent.). 

Discarded 

Seed 
(Per  Cent.). 

Germination  tests,    . 

Purity  test,        .... 

Seed  separation :  — 
Onion,  .        .        . 
Tobacco,      .... 

1-26 

IS 

13 
74 

19,.567 

129.6 
24.1 

."58.8 

S3.y 
80.3 

16.2 

19.7 

Totjil 

231 

- 

- 

- 

- 

The  average  percentage  of  germination  of  onion  seed  was 
79.5  ;  of  sweet  corn,  71.9  ;  and  the  highest  percentage  of  onion 
seed  germination  w^as  100,  while  the  same  percentage  was 
obtained  with  samples  of  sweet  corn.  The  lowest  percentage 
of  germination  of  onion  was  28 ;  that  of  sw^eet  corn,  25.  In 
practically  all  cases  200  seeds  were  employed  in  each  test,  and 
smaller  numbers  were  nsed  only  when  the  number  of  seeds 
sent  in  was  less.  Occasionally  more  than  one  test  was  made, 
and  the  average  in  such  cases  was  taken.  The  onion  seeds 
tested  dnring  1906  were  particularly  good,  being  much  better 
than  those  we  have  tested  during  previous  years.  Both  onion 
and  tobacco  seed  were  separated  by  air.  Only  2  per  cent, 
of  seed  was  discarded  by  the  process  of  air  separation  from 
the  best  tobacco  seed  sent  in,  while  from  the  poorest  samples 
37  per  cent,  was  discarded.  In  the  case  of  the  best  onion  seed, 
8  per  cent,  was  discarded  by  the  use  of  a  winnowing  machine, 
while  only  20  per  cent,  was  discarded  from  the  poorest  sam- 
ples of  onion  seeds. 


Prevalence  of  Funcu,  etc. 
One  of  the  peculiarities  of  the  difPerent  seasons  is  that  no 
two  are  alike  as  regards  the  prevalence  of  certain  pathogenic 
fungi.  The  potato  has  been  comparatively  free  from  disease 
during  the  past  season ;  but  there  was  more  or  less  trouble 
with  celery,  particularly  in  tho  summer,  when  there  was  a 
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l^eriod  of  rather  dry  weather;  and  lalor  in  the  fall  there  was 
much  complaint  of  celery  hlight.  Pear  and  apple  blight  were 
nnusnally  prevalent  this  year,  more  so  than  they  have  been 
for  some  time.  An  unusually  large  number  of  samples  of 
pear  and  apple  blight  were  sent  in  to  the  station  for  diagnosis 
during  the  spring  and  early  summer.  More  or  less  defoliation 
of  apple  trees  has  occurred,  resulting  in  part  from  the  late 
spring  frosts,  which  caused  blisters  on  the  leaves ;  and  from 
the  use  of  spraying  mixtures. 

A  considerable  amount  of  trouble  is  being  experienced  in 
the  defoliation  of  apple  trees  at  the  present  time  in  various 
parts  of  the  United  States,  which  is  presumably  caused  by 
spraying.  Some  of  this  trouble  is  to  be  found  in  our  State, 
and  we  surmise  that  it  may  be  due  in  some  cases  to  the  use 
of  inferior  Paris  green  in  Bordeaux  mixture,  and  in  other 
cases  to  the  Bordeaux  itself.  The  Baldwin  apple  spot  has 
been  more  or  less  prevalent  during  the  past  season,  and  some 
trouble  has  been  experienced  from  apple  scab. 

A  widely  distributed  and  common  trouble  has  occurred  on 
apple  trees  during  the  past  season,  which  is  termed  sun  scald. 
This  was  more  noticeable  on  small  branches,  particularly  on 
those  which  were  shaded.  This  same  diseased  condition  was 
noticeable  on  other  fruit  trees,  such  as  the  peach  and  plum; 
and  on  some  wild  shrubs,  like  the  cornels.  The  effect  of  sun 
scald  was  in  some  instances  of  an  insignificant  nature ;  while 
in  others  it  resulted  in  a  partial  girdling  of  some  of  the 
branches,  which  was  followed  by  a  poor  development  of  the 
foliage,  and  in  some  cases  many  of  the  twigs  died. 

Sun  scald  is  the  result  of  a  non-ripening  of  the  wood ;  and 
it  is  significant  that  most  of  the  branches  affected  with  this 
trouble  are  those  hidden  from  the  sun,  which  prevents  the 
wood  from  ripening  as  thoroughly  as  those  which  are  exposed 
to  the  sun. 

For  the  last  two  or  three  years  sooty  mold  on  the  pear  has 
given  rise  to  considerable  trouble.  This  is  caused  by  fungi 
which  grow  in  the  honey-dew  secreted  by  psylla  on  the  leaves 
and  branches.  As  a  consequence  of  this  fungous  growth,  there 
results  a  clogging  of  the  pores  of  the  leaves,  which  renders 
them   unhealthy,    causing  them   to   fall   prematurely.      The 
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young  twigs  and  branches  become  covered  with  a  thick  black 
growth,  resembling  soot,  which  interferes  witli  their  normal 
functions,  thus  checking  their  growth.  A  satisfactory  way 
of  ridding  the  branches  of  this  sooty  growth  is  not  known 
to  us  at  the  present  time,  and  from  reports  which  we  have 
received  it  would  appear  that  the  lime  and  sulfur  treatment 
has  no  effect  upon  it.  The  best  method  of  prevention  is  to 
kill  the  i^sylla,  which  can  be  effectively  done  by  spraying. 

Some  incidental  observations  have  been  made  during  the 
year  on  diseases  which  are  unusual,  at  least  in  this  region; 
and  these  will  be  referred  to  briefly,  since  it  is  necessary  that 
further  studies  of  these  be  made  before  it  can  be  ascertained 
whether  they  are  likely  to  cause  much  trouble.  Our  atten- 
ti<ui  has  been  called  a  few  times  to  some  greenhouse  tomato 
troubles,  one  of  which  is  probably  the  Fusarium  wilt,  or 
"  sleeping  disease,"  as  it  is  termed,  —  a  trouble  which  has 
been  reported  elsewhere. 

Another  tomato  trouble  which  has  been  brought  to  our  atten- 
tion is  probably  identical  with  CEdema,  and  is  caused  by 
abnormal  heat  and  moisture  conditions.  In  another  case  a 
bacterial  trouble  of  the  tomato  was  observed  which  was  un- 
doubtedly brought  about  by  the  exceedingly  poor  management 
of  the  crop. 

Two  new  or  little-known  asparagus  troubles  were  noticed 
during  the  past  season,  one  of  which  is  undoubtedly  a  Rhiz- 
octonia  rot,  which  is  mentioned  as  occurring  on  asparagus  by 
Saccardo.  We  were  not  able  to  make  an  elaborate  study  of  this 
asparagus  infection,  owing  to  the  limited  amount  of  material 
which  was  at  hand.  ]\Iost  Khizoctonia  troubles  are  serious, 
and  it  remains  to  be  seen  whether  this  will  prove  to  be  so 
or  not. 

Bacterial  Disease  of  Cucumbers. 

The  bacterial  disease  of  cucumbers,  termed  by  Dr.  Erwin 
K.  Smith  "  bacteriosis,"  has  been  seen  here  in  summer  for 
some  years  on  out-door  cucumber  crops.  My  attention,  how- 
ever, has  not  been  called  to  its  appearance  on  greenhouse  crops 
until  this  year;  but  if  the  reports  and  descriptions  of  this 
disease  are  correct,  it  has  occurred  in  more  than  one  green- 
house during  the  year. 
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In  only  one  case  have  we  had  opportunity  to  examine  an 
affected  crop,  and  this  was  totally  destroyed  during  October. 
This  crop  was  started  in  August,  and,  like  most  crops  of 
cucumbers  started  in  midsummer,  it  was  affected  with  downy 
mildew  {Plasmopara  Cuhensis,  B.  &  C,  Humphrey).  The 
soil  in  the  house  was  of  good  texture  for  cucumbers,  and  well 
provided  with  horse  manure  and  commercial  fertilizers,  as 
was  evident  from  the  vigorous  growth  of  the  plants.  About 
the  time  the  plants  had  reached  a  height  of  seven  or  eight 
feet  and  had  set  a  large  amount  of  fruit  the  leaves  com- 
menced to  wdlt,  and  in  a  few  days  most  of  the  foliage  col- 
lapsed, leaving  only  a  few  unaffected  leaves  at  the  top  of  the 
plant,  which  necessitated  the  removal  of  the  entire  crop. 
Adjacent  to  this  greenhouse  w^ere  other  larger  houses,  which, 
however,  Avere  planted  somewhat  later,  and  the  plants  in  these 
houses  entirely  esea}>ed  infection, 

Bacteriosis  of  cucumbers  has  been  rare,  if  it  has  occurred 
at  all,  under  glass  in  this  State.  A  few  years  ago  we  secured 
germs  from  an  affected  out-door  crop  of  cucumbers,  and  in- 
oculated the  soil  in  our  greenhouse  in  which  cucumbers  were 
growing,  with  the  result  that  not  the  slightest  infection  oc- 
curred in  any  instance.  The  experiment  was  made  during  the 
fall  and  w^inter  months,  which  may  account  in  part  for  the 
failure  of  the  germs  to  infect  the  plants. 

There  is  always  risk  in  planting  a  cucumber  house  in 
August,  since  the  downy  mildew  previously  mentioned,  and 
Anthracnose  {Colletotriclium  Lagenarium  (Pass.)  Ell.  & 
Hals.),  are  sure  to  be  present  during  August  in  full  force; 
and  the  same  probably  is  true  to  a  certain  extent  in  regard 
to  the  germs  of  bacteriosis.  At  any  rate,  it  is  a  significant 
fact  that  nearly  every  house  planted  late  has  none  of  these 
troubles  to  contend  with. 

In  the  case  of  the  bacteriosis  described  above  we  are  of  the 
opinion  that  the  method  of  growing  the  crop  had  something 
to  do  with  its  susceptibility  to  infection,  since  the  i)lants  were 
in  our  estimation  somewhat  too  vigorous  growers,  and  did  not 
possess  the  best  texture. 

We  have  frequently  advised  growers  of  cucumbers  not  to 
plant  in  August,  on  account  of  mildews,  etc.     There  is  much 
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less  risk  in  planting  in  September,  and  scarcely  any  during 
any  time  in  October.  If  a  house  of  cucumbers  is  planted  in 
August,  it  is  necessary  to  ventilate  freely,  apply  little  or  no 
water  to  the  foliage,  and  keep  do\\Ti  the  moisture  in  the 
atmosphere  to  the  lowest  degree,  in  order  to  hold  mildews  and 
Anthracnose  in  check. 

Bacterial  Disease  of  Lettuce. 

Our  attention  has  been  called  at  different  times  to  an  un- 
describsd  bacterial  disease  of  lettuce,  which  is  reported  as 
causing  considerable  damage  in  some  localities.  This  disease 
has  been  observed  in  our  greenhouse  for  many  years,  and 
during  the  year  1901  Mr.  Percival  C.  Brooks,  then  a  member 
of  the  senior  class  in  botany,  investigated  this  problem.  He 
succeeded  in  isolating  an  organism  from  a  diseased  lettuce 
plant,  and  obtained  positive  results  from  his  inoculation  ex- 
periments with  healthy  plants. 

The  disease  in  question  has  never  been  observed  by  us  in 
this  State  except  in  our  o^\ti  house,  notwithstanding  the  fact 
that  we  have  for  many  years  had  occasion  to  carefully -study 
the  various  lettuce  crops  in  the  State,  and  have  constantly  been 
on  the  lookout  for  it.  Neither  has  careful  inquiry  brought  to 
light  any  trace  of  a  similar  affection  in  lettuce  houses  in 
Massachusetts.  Since  the  disease  occurred  in  our  lettuce 
house  on  crops  which  had  been  forced  too  rajDidly,  it  was 
considered  of  little  consequence  and  was  given  scarcely  any 
attention,  inasmuch  as  we  thought  the  trouble  arose  from 
improper  management  of  the  crop.  Our  only  purpose  in  call- 
ing attention  to  this  disease  at  the  present  time  is  that  it  is 
reported  as  doing  considerable  damage  elsewhere,  particularly 
in  the  south,  which  makes  it  desirable  that  we  should  be  on 
the  lookout  for  it.  The  disease  results  in  the  appearance  of 
numerous  small  bro\vnish  spots  about  the  size  of  a  pin-head 
on  the  young  and  tender  light-colored  leaves  of  the  head.  The 
spots  are  frequently  quite  numerous,  and  in  some  cases  run 
together,  causing  a  destruction  of  a  portion  of  the  leaves  of 
the  head.  No  attempt  was  made  by  Mr.  Brooks  to  make  any 
extensive  study  of  the  organisms  causing  the  disease,  since  at 
that  time  it  was  bolieved  to  be  of  little  consequence,  and  only 
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an  accompaniment  of  too  rapid  forcing.  In  some  localities, 
particularly  farther  south,  we  hear  different  reports  concern- 
ing its  prevalence. 

Bacteriosis  of  Geraniums. 

In  a  previous  publication  of  this  station  a  short  note  was 
made  of  a  bacterial  disease  of  geraniums  occurring  in  this 
State.^  Since  that  time  we  have  made  yearly  observations 
on  the  prevalence  of  this  disease  in  various  sections.  It  has 
appeared  every  year  since  it  was  first  noted  here  in  1898,  and 
has  also  been  reported  from  various  other  sections  of  the 
United  States  within  recent  years. 

Our  observations  have  shown  that  it  has  frequently  been 
abundant  and  generally  distributed,  so  much  so  at  times  that 
gardeners  have  been  more  or  less  concerned  about  it.  We 
have  also  noticed  this  disease  in  greenhouses  each  year,  it 
having  apparently  been  brought  in  with  out-door  stock,  al- 
though it  does  not  aj^pear  to  be  serious  under  glass.  Our 
observations  have  shown  that  the  trouble  is  more  frequently 
found  on  plants  exposed  to  bright  sunshine  than  on  those 
growing  in  shade,  and  is  evidently  more  severe  farther  south, 
where  the  light  is  more  intense  than  in  Massachusetts.  Gera- 
niums require  comparatively  little  light  for  their  best  devel- 
opment, and  a  strong  light  may  favor  the  development  of  this 
disease. 

The  disease  affects  the  leaves,  causing  spots  to  appear  on 
them.  The  spots  are  often  numerous  and  sometimes  coalesce, 
which  causes  the  diseased  portions  to  dry  up  and  turn  brown. 
The  spots  are  about  one-eighth  of  an  inch  in  diameter,  and 
resemble  blisters.  N^o  other  portion  of  the  plant  is  affected. 
Examination  of  a  large  number  of  diseased  sections  shows 
only  a  few  bacteria  present  in  the  tissues  except  in  those  cells 
bordering  on  the  outer  portions  of  the  spots. 

The  geranium  is  a  very  hardy  plant,  and  one  of  the  freest 
from  disease.  N^o  attempt  has  been  made  to  treat  this  disease, 
to  our  knowledge,  and  should  it  become  more  troublesome 
some  remedy  for  it  will  have  to  be  discovered. 

1  Tcntli  Miimial  report,  Ifatch  Experiment  Station,  1808,  page  67. 
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Tobacco  Troubles. 

Some  troubles,  due  to  mctliods  of  handling  the  crop,  occa- 
sionally occur  on  tobacco  growing  in  the  Connecticut  valley. 
Instances  have  been  known  for  years  where  the  crops  have 
been  set  back  by  tlie  nse  of  certain  fertilizers  and  methods  of 
applying  them.  Tobacco,  corn  and  other  crops,  moreover, 
show  a  tendency  to  stand  still  or  make  little  growth  on  soil 
in  which  there  is  an  overabundance  of  moisture. 

Our  attention  has  been  called  to  a  tobacco  trouble  which 
appears  to  be  caused  by  the  use  of  fertilizer.  In  one  partic- 
ular field  which  w^e  examined  the  roots  of  the  plants  had  all 
the  characteristic  symptoms  of  fertilizer  burning,  and  careful 
examination  failed  to  reveal  any  fungi  associated  with  this 
trouble.  The  tap  roots  of  all  the  plants  wdiich  we  examined 
had  been  destroyed,  and  new  secondary  roots  had  developed 
freely  on  the  injured  end  of  the  tap  root.  These  were  en- 
deavoring to  penetrate  to  the  lower  strata  of  the  soil,  and 
would  in  turn  become  burned  on  the  tip  before  reaching  any 
great  distance. 

The  effect  on  the  crop  manifested  itself  in  a  stunted  growth, 
the  plants  remaining  in  this  condition  for  weeks.  When 
plants  affected,  with  this  trouble  were  removed  to  other  soils 
they  would  in  all  cases  make  rapid  growth.  Even  in  the  field 
where  the  trouble  occurred  they  would  reach  a  fair  degree 
of  maturity  at  the  time  of  harvesting.  There  appears  to  be 
absolutely  no  connection  between  this  trouble  and  the  seed 
bed,  since  other  fields  close  by  were  planted  from  this  seed 
bed,  and  not  the  slightest  evidence  of  the  trouble  was  to  be 
seen.  Moreover,  it  occurs  on  new  tobacco  land  as  well  as  on 
old.  It  was  as  severe  on  land  which  had  been  j^lanted  this 
year  for  the  first  time  as  it  was  on  old  land. 

The  trouble  apparently  seems  to  have  no  inclination  to 
spread,  since  a  field  only  ten  or  twelve  feet  away  from  the 
infected  one,  planted  wdth  seedlings  from  the  same  seed  bed, 
showed  no  trace  of  it.  It  is  much  more  conspicuous  in  low 
places  which  receive  drainage  from  the  surrounding  soil  than 
on  the  drier  knolls. 

At  present,  at  any  rate,  the  trouble  must  be  attributed  to 
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mistakes  in  fertilizing,  since  no  fungi  are  associated  with  it; 
and  the  only  difference  between  the  cultivation  of  this  partic- 
ular croj^  in  which  the  trouble  occurred  and  other  surrounding 
ones,  some  of  which  had  been  planted  from  the  same  seed  beds, 
consisted  in  the  methods  of  fertilizing. 

MoNiLiA  ox  Peach  Stem. 

Eor  a  number  of  years  we  have  received  peach  twigs  in  this 
department  which  have  been  conspicuously  spotted.  The  spots 
appear  on  one-year-old  wood,  and  are  of  an  ash  or  greyish 
color  in  the  center,  with  a  more  highly  colored,  generally 
purple  margin.  Examination  of  these  spots  has  invariably 
revealed  the  presence  of  a  sjiecies  of  Monilia  which  extends 
scarcely  below  the  epidermis.  Occasionally  the  spores  of 
Cladosporium  are  to  be  found,  but  by  no  means  frequently. 
Some  years  the  spotting  appears  to  be  much  more  common 
than  others,  and  there  is  generally  little  difficulty  in  finding 
it  in  orchards  during  such  periods.  Cultures  from  the  spots 
have  always  produced  Monilia.  Mr.  F.  A,  Bartlett,  now  of 
Hampton  Institute,  Hampton,  Va.,  and  formerly  a  senior  in 
our  laboratory,  during  the  year  1905  made  many  isolations 
and  cultures  of  this  fungus.  lie  was  not  able  to  complete  his 
studies  of  the  fungus,  but  from  his  observations  it  would 
appear  that  a  species  of  Monilia  was  the  sole  cause  of  this 
spotting.  ]\lr.  Bartlett  thus  verified  observations  which  had 
been  previously  made  by  my  former  assistant,  Prof.  R.  E. 
Smith,  and  myself.  From  Mr.  Bartlett's  various  cultures  it 
would  api^ear  that  the  spores  of  Monilia  causing  this  spotting 
to  peach  twigs  are  not  the  same  as  those  occurring  on  the  fruit 
(Oidium  fnictigenurn)^  but  is  a  different  species,  possessing 
smaller  spores,  and  otherwise  differing  from  the  species  attack- 
ing the  fruit  of  the  j)each,  etc. 

There  are  various  Monilia  and  Cladosporium  troubles 
which  affect  the  peach  described  in  experiment  station  publi- 
cations and  foreign  pathological  journals,  all  of  which  appear 
to  differ  from  this  one  in  its  effect  upon  twigs. 

We  hope  to  make  further  investigations  of  this  trouble,  and 
in  the  meanwhile  it  may  be  mentioned  that  where  the  lime 

1  Oidium  frnc.tigennm,  Kze.  &  Schm. 
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and  sulfur  treatment  has  been  applied  to  peach  trees  for  the 
San  Jose  scale  not  the  slightest  trace  of  this  spotting  can  be 
found,  showing  that  this  mixture  has  a  very  repressive  in- 
fluence upon  the  fungus. 

The  Lime  and  Sdlfuk  Mixture  as  a  Fungicide. 

The  increased  activity  of  the  San  Jose  scale  during  the  past 
two  years  has  resulted  in  more  attention  being  paid  to  the 
spraying  of  orchards.  This  has  been  the  means  of  reducing 
very  perceptibly  many  of  the  troubles  to  which  orchards  are 
subject.  Our  examinations  of  a  number  of  orchards  during 
the  past  summer  which  had  boen  sprayed  with  the  lime  and 
sulfur  mixture  have  convinced  us  that  this  mixture  is  one 
of  the  most  reliable  fungicides  known  for  the  suppression  of 
certain  fungous  diseases.  It  is  especially  ajjplicable  for  the 
control  of  such  diseases  as  the  peach  leaf  curl,  as  has  been 
previously  pointed  out  by  many  observers.  It  is  equally 
valuable  in  the  treatment  of  Monilia  and  Cladosporinm,  which 
occasionally  attack  the  stem. 

The  large  and  exceedingly  well-cared-for  orchard  of  Mr. 
Elbert  Bliss  of  Wilbraham  offers  one  of  the  best  examples 
of  the  efficiency  of  the  San  Jose  mixture  as  a  fungicide.  His 
orchard,  wliich  covers  many  acres,  was  absolutely  free  from 
any  blemish  due  to  fungi,  both  as  regards  foliage  and  wood. 
The  college  orchard,  which  was  sj)rayed  for  the  San  Jose 
scale  with  the  lime  and  sulfur  mixture,  has  been  remarkably 
free  from  fungous  troubles  during  the  past  season.  Our 
observations  of  other  orchards  have  seemed  to  indicate  that 
spraying  with  the  lime  and  sulfur  mixture  succeeds  in  con- 
trolling to  some  extent  canker,  pear  blight,  black  knot  and 
other  diseases.  We  have  frequently  advocated  early  spring 
spraying  of  trees  before  the  leaves  appear,  with  a  solution 
of  copper  sulfate  at  the  rate  of  1  pound  to  50  gallons  of  water, 
as  we  maintain  that  many  of  the  common  blights  are  more 
successfully  prevented  by  this  spraying  than  by  later  ones. 
It  has  been  sho^vn  that  early  spraying  with  copper  sulfate 
has  been  successful  in  holding  in  check  the  black  knot  of  the 
plum. 

The  San  Jose  scale  may  prove  in  more  than  one  way  a 
"  blessing  in  disguise." 
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Potato  Spraying  Expekiments. 

A  large  field  of  potatoes  on  tlie  college  farm  was  used  for 
experiments  in  spraying  the  past  season.  The  field  was 
located  on  the  west  slope  near  the  farm  barn,  and  included 
seven  acres.  The  following  varieties  were  planted:  Early 
Harvest,  Early  Michigan,  Carmen  Number  Three,  Green 
Mountain  and  Delaware.  These  were  planted  in  rows  run- 
ning lengthwise  of  the  field.  The  experiment  was  carefully 
planned  as  regards  varieties,  conditions  of  the  soil,  etc.,  and 
running  parallel  to  each  of  the  various  treated  rows  were  left 
untreated  ones  for  the  pur^^ose  of  comparison. 

As  there  was  some  delay  in  obtaining  the  spraying  mix- 
tures, the  whole  field,  including  the  checked  plants,  was 
sprayed  once  with  Paris  green  for  the  potato  beetle.  In  sub- 
sequent sprayings  the  following  mixtures  were  used:  wet 
Bordeaux  containing  Paris  green,  dry  Bordeaux,  copper 
phosphate  and  a  mixture  termed  "  1 — 2 — 3."  The  wet 
Bordeaux  was  made  according  to  the  standard  formula 
(4 — 4 — 50).  The  other  mixtures  were  ^proprietary  sub- 
stances, and  were  furnished  by  the  Bowker  Insecticide  Com- 
pany, which  to  our  personal  knowledge  has  always  taken 
great  pains  to  place  on  the  market  only  the  most  reliable 
fungicides  and  insecticides.  The  ""  1 — 2 — 3  "  contained 
compounds  of  copper,  arsenic  and  lime.  The  dates  of  the 
three  ajDplications  were  July  3,  7,  and  12,  no  spraying  being 
done  after  the  latter  date,  on  account  of  the  luxuriant  growth 
of  the  tops,  which  prevented  access  to  the  field  without  damage 
to  the  crop.  The  copper  phosphate,  dry  Bordeaux  and 
"  1 — 2 — 3  "  are  all  dust  sprays,  and  were  applied  early  in 
the  morning  with  a  dust  sprayer,  when  dew  covered  the 
foliage.  The  effects  of  spraying  on  this  crop  were  carefully 
observed  by  various  members  of  the  station  staff,  together 
with  Mr.  Eorristall,  who  supervised  all  the  work,  and  made 
most  careful  observations  as  to  the  effects  of  the  different 
sprays. 

At  the  close  of  the  experiments  corresponding  rows  of  the 
treated  and  untreated  plants  were  dug,  the  potatoes  carefully 
weighed  by  Mr.  Forristall,  and  the  results  tabulated.  The 
yields  given  by  the  \avious  treatments  are  as  follows:  — 
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Average   Yield  of  Hpraijed  I'oUUoes. 


Average  Yield 
(Pounds). 


Wet  Bordeaux,     . 
Dry  Bordeaux,    . 
Copper  phosphate, 
"1  —  2  —  3,"    . 
Untreated,     . 


58.11 
52.34 

55.88 
55.46 


These  results  show  no  differences  in  the  yield  which  can  be 
ascribed  to  spraying.  Observations  on  the  condition  of  the 
crop  during  the  summer  did  not  show  any  material  differences 
except  in  the  case  of  the  wet  Bordeaux  treatment,  which  was 
perceptibly  superior  in  all  respects  to  the  others,  at  least  dur- 
ing the  greater  part  of  the  season.  The  plants  treated  with 
wet  Bordeaux  possessed  the  darkest-colored  foliage,  and  were 
by  far  the  most  free  from  the  flea  beetle.  The  season  was 
remarkably  free  from  potato  blights,  the  only  thing  occurring 
of  any  consequence  being  the  flea  beetle ;  and,  with  the  excep- 
tion of  the  wet  Bordeaux,  which  contained  Paris  green,  there 
appeared  to  be  little  or  no  difference  between  the  treated  rows 
and  those  untreated.  At  the  time  the  potatoes  were  dug  there 
was  no  perceptible  difference  to  be  observed  between  any  of 
the  rows.  Owing  to  the  season's  comparative  freedom  from 
blight,  little  or  no  value  can  be  placed  upon  these  experiments. 

The  ease  with  which  dust  sprays  can  be  applied  makes  the 
process  of  spraying  less  tedious,  and  a  dust  spray  which 
possesses  the  merits  of  other  reliable  spra;^s  on  the  market 
would  be  gladly  received.  However,  careful  tests  of  the  rela- 
tive merits  of  the  wet  and  dry  sprays  indicate  that  the  wet 
Bordeaux  is  superior  in  all  cases  to  the  dry. 

Our  potato  growers  should  realize  that  the  conditions  in 
this  State  are  entirely  different  from  those  in  Vermont  and 
Maine,  and  the  spraying  calendar  recommended  for  those 
States  is  unsuited  to  our  conditions,  since  their  spraying  is 
largely  devoted  to  the  control  of  the  late  blight,  which  is 
not  generally  severe  here.  On  the  other  hand,  it  is  the  early 
blight,  according  to  our  experience,  which  does  the  most  dam- 
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age  in  Massachusetts;  and  in  order  to  prevent  attacks  from 
this,  farmers  should  commence  to  spray  when  the  potatoes 
are  not  more  than  one-fourth  grown,  which  would  ordinarily 
be  about  the  20tli  of  June.  Much  of  the  injury  to  potatoes 
is  due  to  the  flea  beetle,  which  affects  them  in  a  manner  sim- 
ilar to  the  early  blight. 

We  believe  that  a  first  spraying  of  potatoes  should  be  made 
with  Bordeaux  and  ''  Disparene,"  instead  of  Paris  green, 
since  "  Disparene  "  is  a  reliable  insecticide,  while  Paris  green 
is  not,  at  the  present  time. 

Copper  Sulfate  Treatment  of  Stagnant  Water. 

In  a  previous  report  we  gave  the  results  of  a  copper  sulfate 
treatment  of  the  college  pond.^  This  pond  is  located  on  the 
college  grounds,  and  contains  about  8,000,000  gallons  of 
water;  it  is  quite  shallow  and  has  a  muddy  bottom.  The 
amount  of  water  which  it  receives  during  the  summer  months 
is  not  sufficient  to  cause  a  very  constant  overflow,  and  partly 
for  this  reason  it  occasionally  becomes  stagnant.  There  is 
also  some  pollution  from  cesspools  which  drain  into  it,  and 
during  freshets  considerable  amounts  of  fine  sand,  silt  and 
clay  are  carried  into  tlie  pond.  Much  of  this  silt,  etc.,  re- 
mains in  suspension  for  a  long  time,  giving  the  water  a  yellow- 
ish tinge  and  roily  appearance.  Evaporation  tests  show  that 
the  water  contains  45.6  parts  sediment  to  10,000  parts  of 
water.  During  June  the  water  usually  has  a  disagreeable 
odor  and  becomes  quite  obnoxious.  This  odor  is  similar  to 
that  which  rises  from  frog  ponds  where  considerable  decom- 
position takes  place,  and  at  other  times  it  has  the  odor  which 
is  characterized  as  "  fishy." 

The  pond  has  frequently  been  drained,  which  is  responsible 
for  stimulating  growths  of  algse,  particularly  Spirogyra,  and 
for  the  past  few  years  Anabsena  has  been  present  in  greater 
or  less  amounts.  It  should  be  stated  at  the  outset  that  our 
object  in  treating  the  pond  was  not  to  clear  up  points  of 
controversy  in  connection  with  the  copper  sulfate  method  of 
treatment ;  it  was  done  largely  to  obviate  a  nuisance. 

That  copper  sulfate  has  an  effect  upon  alga3  has  been  known 

1  Eighteenth  annual  report,  Hatch  Experiment  Station,  1906,  pages  143-146. 


1007.] 


PUBLIC    DOCUMENT  —  No.  33. 


171 


to  physiologists  for  many  years;  but  the  treatment  of  large 
volumes  of  water  with  this  chemical  is,  so  far  as  we  know, 
comparatively  recent.  Those  who  wish  to  become  familiar 
with  the  more  technical  features  of  this  subject  are  referred 
to  the  older  literature,  much  of  which  is  in  German,  and  to 
the  more  recent  publications  of  the  United  States  Department 
of  Agriculture  and  our  own  State  Board  of  Health. 

The  treatment  given  during  1906  was  similar  to  that  of 
1905,  and  consisted  in  applying  1  part  of  copper  sulfate  to 
4,000,000  of  water.  The  copper  sulfate  was  placed  in  a 
coarse  bag  attached  to  a  canoe,  which  followed  concentric 
circles  over  the  pond  until  the  copper  sulfate  was  all  dissolved. 
Samples  of  water  were  taken  daily  for  bacterial  examination 
a  few  days  before  treatment  and  each  day  after  until  July 
19,  when  the  experiment  was  discontinued.  The  usual  bac- 
terial methods  were  employed,  with  the  following  results :  — 


Table  showing  the  Bcsults  of  treating  the  College  Pond  ivith  Co'piJer 
Sulfate  at  the  Rate  of  1  Part  of  Coi^per  Sulfate  to  4,000,000 
of  Water.     {Treated  June  14,  1906.) 

[Number  of  bacteria  per  c.  c.  of  water.] 


June  10 7, 

11 6, 

12 5, 

13, 7, 

14, 7; 

14 

14 

15, 

16 

17, 

18, 

19, 

20 

21, 1, 

22 1, 

23, 

24 ,        . 

25 


0051 
0341 
7571 
1881 
,1581 
1302 
56  3 
1424 
156 
156 
341 
554 
769 
,000 
000 
756 
768 
927 


June  26, 

27, 
28, 
29, 
30, 
July  1, 
2> 
3, 
4, 


9, 

n, 

13, 

15, 
17, 
19, 


846 
1,085 
1,231 
1,265 
1,006 
1,365 
1,231 
1,308 
1,231 
1,006 
1,084 
1,000 
1,208 
1,208 
1,275 
1,462 
1,770 


1  Before  treatment. 

-  One  hour  after  treatment. 


3  Two  hours  after  treatment. 

■<  Twenty -four  hours  after  treatment. 
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The  niimber  of  bacteria  per  cubic  centimeter  showed  a 
decided  falling  off  after  the  treatment,  but  subsequently  an 
increase  was  noticed,  although  the  number  did  not  equal  that 
j^resent  before  treatment.  The  first  bacterial  examination  of 
the  water  occurred  one  and  two  hours  respectively  after  treat- 
ment, at  which  time  there  was  noted  considerable  decrease 
in  the  number  of  organisms.  It  seems  hardly  creditable, 
however,  that  the  copper  could  have  been  sufficiently  diffused 
in  the  pond  to  cause  such  a  rapid  decrease  in  the  number  of 
the  bacteria  in  so  short  a  time.  Some  Anabsena  were  present 
in  the  pond  previous  to  treatment,  but  none  was  observed 
directly  afterwards ;  neither  were  any  Spirogyra  noted  either 
before  or  after  treatment.  On  the  other  hand,  there  were 
various  forms  of  life,  such  as  Daphnia,  etc.,  present,  both 
before  and  after  treatment.  No  chemical  analyses  of  the 
water  were  attempted,  since  the  ordinary  methods  of  analysis 
are  not  esi:)ecially  valuable  in  detecting  slight  traces  of  copper 
in  water.  It  would  appear  from  the  culture  of  seedlings  in 
glass  vessels  containing  water  and  sand  in  which  copper  is 
present,  and  from  the  results  of  chemical  analyses  of  the 
mud  in  the  bottom  of  the  reservoir,  that  a  large  amount  of 
copper  is  taken  up  by  this  mud.  The  results  of  copper  treat- 
ment of  the  pond  in  1905  and  1906  show  that  the  bacteria 
never  regained  their  former  numbers. 

In  a  pond  like  this  one,  which  is  more  or  less  polluted  from 
cesspools,  one  would  naturally  infer  that  bacteria  would  in- 
crease rapidly  after  a  few  days.  During  August  the  pond 
was  in  an  even  worse  condition  than  in  June,  as  a  large  num- 
ber of  dead  fish,  termed  "  suckers,"  which  had  died  from  some 
unknown  cause,  were  floating  on  the  surface.  Again  during 
October  there  was  a  fairly  luxuriant  growth  of  Anabsena 
present  for  a  few  days,  but  this  disappeared  quickly,  presum- 
ably on  account  of  the  rather  cold  nights  which  occurred  at 
that  time. 

At  the  time  the  treatment  w-as  under  way,  parallel  labora- 
tory tests  were  made.  For  this  purpose  we  employed  18 
liters  of  water  from  the  college  pond  in  two  rectangular  jars, 
there  being  9  liters  in  each  jar,  one  of  which  was  treated  with 
copper  sulfate  at  the  rate  of  1  part  of  the  sulfate  to  4,000,000 
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of  water,  while  the  other  jar  was  left  untreated.  The  jars 
were  j^laced  side  by  side  in  the  laboratory,  and  exposed  to 
the  organisms  of  the  air.  The  water  was  taken  from  the 
pond  jirevious  to  its  being  treated.  The  results  of  the  experi- 
ments are  shown  in  the  f ollowino*  table :  — 


Table  showing  the  Results  of  treating  Pond  Water  with  Copper  Sulfate 
at  the  Bate  of  1  Part  of  Copper  Sulfate  to  4,000,000  of  Water. 
(^Experiment  made  in  Laboratory ,  in  Glass  AquarHa  Jars.) 

[Number  of  bactoria  per  c.  c.  of  water.] 


June  14, 
15, 
16, 
17. 

18, 
19, 
20, 
21, 
•2-2, 
23, 
24, 
2"), 
20, 

28, 

29, 

30, 

July    1, 

3, 

4, 
5, 
7, 
9. 
11, 
13, 
15, 

1", 
19, 


Date. 


Pond  Water 
untreated. 


7,158 
5,T'23 
4,849 
4,849 
4,444 
6,188 
7,9-27 
G,112 
4,772 
6,302 


5,.313 
6,273 
7,004 
6,927 
8,282 
8,926 
6,419 
7,004 
7,409 
8,107 
6,792 
7,972 

10,168 
6,412 
6,989 
7,399 
6,034 
8,632 

10,656 


Pond  Water 
treated. 


301 

15 

*  38 

32 

24 

31 

43 

59 

101 

120 

54 

134 

126 

98 

170 

242 

310 

270 

298 

340 

930 

872 

800 

1,060 

1,000 

940 

946 

1,390 

1,240 


1  One  hour  after  treatment. 
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The  results  slio-wn  in  this  experiment  coincide  in  a  general 
way  with  those  of  the  previous  one.  They  are,  however,  of 
more  value,  since  they  show  the  bacterial  flora  of  the  normal 
or  untreated  jDond  water. 

It  will  be  noted  that  the  number  of  bacteria  in  the  untrej^ted 
pond  water  remained  quite  constant  throughout  the  exj^eri- 
ment,  while  the  water  treated  with  copper  sulfate  showed  the 
same  general  decrease  in  the  nuiuber  of  bacteria.  The  sub- 
sequent increase  in  the  number  of  bacteria  in  the  treated  water 
in  the  laboratory  experiment  was  smaller  than  that  shown  by 
the  pond  experiment.  Furthermore,  a  comparison  of  the  two 
jars  in  the  laboratorj^  experiments  showed  that  the  water  in 
the  treated  jar  was  much  clearer,  owing  to  the  fact  that  most 
of  the. forms  of  living  matter  had  been  killed  and  had  settled 
to  the  bottom  of  the  jar.  This  was  proved  by  the  much  larger 
amount  of  sediment  in  the  bottom  of  the  treated  jar  than  in 
the  untreated. 

Large  bodies  of  water  can  be  successfully  treated  with  cop- 
per sulfate,  and  many  undesirable  forms  of  organisms  elim- 
inated. The  copper  sulfate  treatment,  moreover,  appears  to 
exert  an  influence  upon  the  bacterial  flora  for  quite  a  length 
of  time ;  but  after  a  certain  period  has  elapsed  a  body  of  water 
may  become  as  badly  contaminated  with  various  forms  of 
living  matter  as  before,  or  even  worse. 

The  location  of  the  college  pond  is  such  that  no  harm  could 
result  in  any  way  from  a  treatment  with  copper  sulfate,  even 
though  some  of  the  copper  escaped.  Precautions,  however, 
must  be  exercised  in  treating  bodies  of  water ;  and  the  safest 
method  to  follow,  in  case  such  treatment  is  necessary,  would 
be  to  consult  our  State  Board  of  Health  or  others  familiar 
with  this  subject. 

Banding  Substances  for  Tkees. 
In  connection  with  the  rencAved  warfare  against  the  gyi^sy 
and  brown-tail  moths,  a  number  of  new  banding  substances, 
which  are  claimed  to  be  effectual  as  insect  barriers  and  harm- 
less to  trees,  have  been  placed  on  the  market  within  a  year  or 
so.  These  substances  are  sold  under  various  names  and  at 
varying  prices,  and  they  are  quite  dissimilar  in  their  eliomieal 
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composition  and  in  the  effects  produced  on  trees.  Any  sub- 
stance which  is  likely  to  cause  even  the  slightest  injury  when 
applied  to  trees  should  not  be  employed,  and  when  such  sub- 
stances actually  cause  the  death  of  trees,  it  becomes  a  gross 
offence  to  apply  them  to  public  shade  trees. 

At  the  request  of  William  B.  de  las  Casas,  Esq.,  chairman 
of  tlio  Metropolitan  Park  Commission,  the  writer  made  an 
examination  during  the  summer  of  1905  of  a  large  number 
of  trees  located  in  Middlesex  Fells  and  other  districts  around 
Boston,  with  a  view  to  determining  the  effects  of  the  various 
so-called  banding  substances  on  trees. 

In  addition  to  our  numerous  examinations  of  the  effects  of 
these  various  substances  on  trees,  we  have  tested  a  great  many 
in  a  critical  way  on  small  plants.  Our  conclusions  relating 
to  the  effects  of  the  substances  are  based  upon  a  larger  number 
of  observations,  together  with  numerous  tests  on  stems,  leaves, 
etc.,  of  a  variety  of  herbaceous  plants.  Any  substance  which 
causes  injury  to  herbaceous  plants  may  also  produce  the 
same  effect  on  trees,  although  the  time  necessary  to  produce 
injury  to  herbaceous  plants  is  brief  compared  to  that  necessary 
to  give  rise  to  corresponding  results  in  a  tree. 

A  good  banding  substance  should  not  cause  the  slightest 
injury  to  trees,  or  even  to  tender  tissues.  It  should  not 
harden  at  low  temperature,  neither  should  it  melt  at  compara- 
tively high  temperature.  It  should  be  inconspicuous  when 
applied  to  the  tree,  and  easily  put  on  and  removed,  and  should 
remain  sticky  during  the  entire  season. 

Tanglefoot.  —  This  material  is  now  extensively  used,  and 
is  a  semi-transparent,  sticky  substance,  not  affected  by  low 
temperature  (32°  E.)  or  by  temperatures  under  125°  or 
130°  E.  Its  principal  bases  are  probably  castor  oil,  resin 
and  wax,  which  are  substances  harmless  to  vegetable  tissue ; 
and,  whatever  the  other  constituents  of  this  banding  substance 
may  be,  they  do  not  render  it  harmful  to  trees.  Tanglefoot 
applied  to  a  large  number  of  plants  possessing  a  thin  epi- 
dermis has  never  caused  any  injury.  In  short,  this  is  the  only 
substance  which  we  have  met  which  stands  all  the  tests  a 
perfectly  harmless  banding  material  should  when  applied 
directly  to  plant  tissue. 
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Bodlime.  —  This  is  the  proprietary  name  of  a  substance 
resembling  Kaupenleim,  a  European  product,  and  both  have 
been  on  the  market  for  some  years.  Bodlime  is  an  American 
preparation,  and  has  been  used  extensively  for  some  time. 
The  directions  which  are  furnished  with  Bodlime  advise  first 
putting  a  band  of  tarred  or  sheathing  paper  eight  inches  wide 
on  young  or  thin-bark  trees,  and  then  applying  Bodlime  to 
the  band.  Over  90  per  cent.,  however,  of  the  trees  examined 
by  us  last  summer  on  wdiich  Bodlime  had  l)ccn  applied  were 
those  of  the  smooth-bark  type,  ranging  from  two  inches  to 
two  feet  in  diameter,  and  in  no  instances  were  tarred  or 
slieathing  paper  bands  applied.  In  practically  all  cases  this 
substance  had  penetrated  the  bark  and  injured  the  cambium 
layer.  This  injury,  however,  is  in  all  probability  not  suffi- 
cient to  kill  the  trees  in  every  case ;  but  more  or  less  prominent 
effects  will  be  left  on  the  trees  for  some  years,  as  evidence  of 
the  injury  due  to  Bodlime.  Some  specimens  of  trees  six 
inches  in  diameter  were  pointed  out  which  were  killed  with 
Bodlime;  and  practically  all  the  Carolina  po2:>lars  located  on 
the  Fellsway,  Maiden,  which  have  been  treated  with  this  sub- 
stance, showed  much  injury  to  the  cambium  layer,  resulting 
in  prominent  swellings  on  the  trees  where  this  substance  had 
been  applied. 

A  number  of  small  white  maples  (two  or  three  inches  in 
diameter),  which  had  been  treated  Avith  Bodlime,  appeared 
in  two  or  three  weeks  to  have  an  abnormal  cambium  layer, 
due  to  the  penetration  of  the  substance  to  the  vital  tissue. 
In  all  these  cases  Bodlime  was  applied  directly  to  the  trees, 
without  paper  bands.  It  should  be  noted,  however,  that  the 
manufacturers  never  intended  that  it  should  he  applied  to 
small  or  smooih-harh  trees  without  first  handing  ivith  tarred 
or  sheathing  paper,  and  the  directions  specifically  state  this. 
When  this  is  applied  to  large  trees,  however,  without  paper 
banding,  it  generally  caitses  some  subsequent  slight  disfigura- 
tion of  the  tree.  We  believe,  however,  that  Bodlime  consti- 
tutes a  reliable  banding  substance,  and  can  be  applied  to  trees 
if  the  directions  of  the  manufacturers  are  followed,  —  to 
first  put  on  a  band  of  tarred  or  sheathing  paj^er.  It  should 
liy  no  means  be  considered  a  reflection  on  the  manufacturers 
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if  people  will  persist  in  ignoring  the  proper  directions  for 
applying  the  substance,  as  there  is  scarcely  a  remedy  on  the 
market  which  will  not  produce  injurious  effects  if  used  in- 
judiciously. 

Anti-Moth.  —  This  substance  was  used  considerably  in  the 
summer  of  1905  as  a  tree-banding  material.  It  is  a  dark- 
colored,  pasty  substance,  suggestive  of  wheel  grease,  and  is 
applied  directly  to  the  bark.  There  were  many  instances 
observed  where  it  was  causing  injury  by  soaking  through  the 
large,  thick,  rough-bark  trees,  as  well  as  small,  thin-bark  ones. 
The  trees  which  came  under  our  notice  had  been  treated  only 
a  few  weeks  with  this  substance,  but  our  observations  were 
suiBcient  to  show  that  this  constitutes  a  dangerous  substance 
to  apply  directly  to  the  bark  of  trees.  Various  small 
herbaceous  plants  banded  with  Anti-Moth  died  in  a  few  days. 

Eureka  Tree  Paste.  —  This  substance  as  a  banding  ma- 
terial is  not  so  universally  employed  as  those  previously 
mentioned,  therefore  our  observations  were  limited  in  regard 
to  its  effects  on  trees.  Moreover,  this  material,  at  the  time  our 
observations  were  made,  had  been  on  trees  for  only  a  brief 
period  of  time,  consequently,  the  ultimate  effects  on  the  trees 
have  not  been  observed  by  us.  This  substance  resein.bles  Anti- 
Moth,  and  is  applied  in  the  same  manner.  From  the  iiature 
of  the  material,  and  its  effects  upon  the  stems  of  herbaceous 
plants,  it  cannot  be  recommended  as  a  safe  banding  substance. 
Our  experiments  on  herbaceous  plants  show  that  it  is  equally 
as  injurious  as  the  substance  previously  mentioned. 

Raupenleim  and  Dendrotene.  —  These  have  been  used  as 
banding  materials,  although  we  have  seen  no  authentic  in- 
stances where  they  have  been  applied  to  trees  in  the  vicinity 
of  Boston  during  the  past  year.  Rauj^enleim  is  a  well-kno^vn 
German  banding  material,  and  Bodlime  is  supposed  to  be  in 
many  respects  similar  to  it.  Both,  as  far  as  we  can  learn, 
have  about  the  same  effects  on  vegetable  tissue;  that  is,  they 
injure  it.  Raupenleim  was  previously  used  by  the  Gypsy 
Moth  Commission  in  large  quantities.  Dendrolene  is  an 
American  product,  apparently  similar  to  Raupenleim  in  every 
way,  both  being  crude  petroleum  products. 

Razzle  Dazzle.  —  During  the  past  year  our  attention  has 
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been  called  to  the  use  of  a  banding  substance  termed  Razzle 
Dazzle,  which  has  been  employed  to  some  extent  on  trees. 
This  substance  was  sent  in  to  us  from  one  of  the  towns  in 
the  vicinity  of  Boston,  with  the  report  that  it  was  doing 
damage  to  trees.  We  made  a  test  of  the  substance  on  various 
herbaceous  plants,  and  found  that  it  killed  them  in  a  very 
short  time.  The  substance  appears  to  be  made  of  resin,  castor 
oil  and  some  other  oil-like  petroleum  which  is  injurious  to 
vegetable  tissue.  We  found  that  Razzle  Dazzle  has  altogether 
too  low  a  melting  point.  It  commenced  to  run  at  about  90°  E., 
and  flowed  freely  at  100°  F. 

Bug  Stop.  —  This  substance  is  apparently  made  out  of 
resin,  oil  and  some  form  of  grease,  which  causes  injury  to 
vegetable  tissue.  We  found  on  testing  this  that  it  was  very 
similar  in  its  effects  on  tissue  to  Razzle  Dazzle,  aud  has  a 
melting  point  ranging  from  79°  to  91:°  F.  Besides  the  in- 
jurious effects  which  it  has  on  vegetable  tissue,  it  has  a  melt- 
ing point  entirely  too  low  to  make  it  a  desirable  banding 
substance. 

Printer's  Inh  and  Tarred  Paper.  —  Printer's  ink  applied 
to  tarred  pa]3er  has  been  used  to  some  extent  for  many  years 
as  a  banding  substance,  and  no  ill  results  arising  from  its  use 
have  met  our  observation.  We  find  this  substance  used  ex- 
tensively in  the  city  of  Medford  on  General  Lawrence's  estate. 

Other  Injurious  Substances.  —  In  one  of  the  cities  in  the 
neighborhood  of  Boston  crude  petroleum  or  gas  oil,  such  as  is 
used  in  the  manufacture  of  water  gas,  has  been  extensively 
used  in  spraying  the  trunks  of  trees  for  the  purpose  of  kill- 
ing gypsy  moth  eggs.  This  substance  penetrates  the  bark 
very  readily,  and  kills  the  vital  layer.  There  are  numerous 
instances  where  trees  have  been  completely  girdled,  and  have 
died  in  a  very  short  time  from  the  use  of  this  substance. 

Gas  oil  and  creosote  are  used  extensively  for  treating  gypsy 
moth  nests,  and  when  mixed  with  lampblack  they  appear  to 
cause  little  or  no  injury.  Both  of  these  substances  are  capable 
of  causing  injury  to  plants,  either  when  used  alone  or  when 
mixed  with  lampblack.  We  have  not  discovered  any  injury 
to  trees  from  the  use  of  these  substances,  however,  when  mixed 
with  lampblack  and  used  as  a  paint  for  the  treatment  of  gypsy 
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motli  egg  clusters.  In  one  instance,  where  creosote  and  naph- 
tha were  applied  with  an  atomizer  to  the  trunks  of  trees  cov- 
ered with  gypsy  caterpillars,  at  the  rate  of  1  part  of  creosote 
and  5  parts  of  naphtha,  the  bark  was  rendered  brittle  and  life- 
less. At  the  time  our  examinations  were  made  on  these  trees 
no  injury  had  occurred  to  the  cambium  layer,  but  we  should 
suspect  that  injury  would  later  follow  this  method  of  treat- 
ment. 

Some  injury  to  trees  often  occurs  from  the  use  of  kerosene, 
or  kerosene  and  water  together,  when  applied  to  the  bark  of 
trees.  Kerosene  and  water  have  occasionally  been  applied  to 
tree  trunks  for  various  insect  pests  by  the  aid  of  a  certain 
mechanical  mixing  device.  Tt  should  be  stated,  however,  that 
these  mechanical  mixers  are  unreliable,  and  it  is  never  safe  to 
apply  kerosene  to  trees,  not  even  when  mixed  with  water. 
The  use  of  a  gasoline  blower  or  torch  for  the  purpose  of  kill- 
ing caterpillars  has  been  in  vogue  to  some  extent.  This 
should  be  condemned,  since  some  injury  has  resulted  from 
this  practice.  Scraping  the  bark  too  closely  previous  to  apply- 
ing a  banding  substance  should  be  guarded  against. 

In  conclusion,  it  may  be  said  that  Tanglefoot  appears  to  be 
the  only  banding  substance  which  we  have  tested  that  does 
not  in  any  way  cause  injury  to  plant  tissue,  and  that  can  be 
safely  applied  directly  to  tree  trunks.  Since  this  substance 
has  a  tendency  to  run  at  about  125°  to  130°  F.,  a  slightly 
higher  melting  point  would  improve  it.  The  manufacturers 
test  this  substance  at  126°  F.,  on  a  smooth,  vertical  surface, 
claiming  that  it  will  not  run  below  that  temperature;  also, 
that  some  of  their  samples  will  not  run  below  130°  F.  They 
state  that  it  will  stand  a  little  higher  temperature  on  the  bark 
of  trees  before  it  begins  to  run.  Unfortunately,  much  of  the 
Tanglefoot  sent  out  by  the  manufacturers  last  spring  was  made 
on  a  different  formula,  and  the  melting  point  was  entirely  too 
low.  It  was  sent  back  to  the  manufacturers,  and  modified 
according  to  a  previous  formula. 

Such  material  as  printer's  ink,  Bodlime,  etc.,  can  be  safely 
applied  to  tree  trunks  in  connection  with  tarred  paper;  and 
the  latter  can  also  be  applied  to  rough,  thick-bark  trees  without 
killing  them,  although  even  when  used  in  this  manner  it  will 
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often  produce  some  injury,  which,  however,  may  not  prove 
fataL  We  believe  that  it  is  essential,  in  applying  any  sub- 
stance to  a  tree  as  a  means  of  protecting  it  against  insects, 
that  one  should  be  well  within  the  limit  of  safety. 

In  this  connection  it  should  be  noted  that  all  of  the  man- 
ufacturers of  these  substances  are,  so  far  as  we  have  learned, 
honorable  business  men,  as  is  shown  by  their  perfect  frank- 
ness, and  desire  not  to  place  any  substance  on  the  market 
which  is  not  reliable.  However,  one  should  be  cautious  in 
purchasing  newly  advertised  banding  materials,  since  we 
have  reason  to  believe  that  some  of  these  new  mixtures  will 
not  prove  reliable.  We  have  had  opportunities  to  test  a  large 
number  of  new  mixtures  during  the  past  two  years,  none  of 
which,  in  our  estimation,  answers  the  requirements  of  a  good, 
reliable  banding  substance. 

Effects  of  Escaping  Illuminating  Gas  on  Trees. 

Undoubtedly  a  larger  number  of  trees  suffer  from  the 
effects  of  escaping  illuminating  gas  at  the  present  time  than 
in  previous  years.  The  increased  death  rate  from  this  cause 
may  be  accounted  for  by  the  fact  that  gas  is  now  more  ex- 
tensively used  than  formerly,  and  the  larger  pipes  now  in 
use,  together  with  modifications  in  the  methods  of  laying 
these  pipes  and  calking,  may  be  in  part  responsible  for  the 
increased  leakage.  At  any  rate,  it  would  seem  that  where 
small  pipes  have  been  in  the  ground  for  many  years  with 
thread  joint  connections  there  is  much  less  leakage  than  where 
larger  pipes  are  used,  and  where  the  calking  is  done  with 
Portland  or  Roman  cement  and  oakum  or  lead. 

There  is  a  large  amoiuit  of  gas  manufactured  by  companies 
which  is  unaccounted  for.  According  to  the  twenty-first 
annual  report  of  the  Gas  and  Electric  Light  Commissioners  of 
Massachusetts,  the  production  of  gas  for  the  year  1905  in 
this  State  was  6,418,024,954  cubic  feet.  The  amount  un- 
accounted for  during  that  year  was  622,304,044  cubic  feet; 
in  other  words,  there  was  a. loss  of  about  10  per  cent.  Prob- 
ably this  loss  represents  more  than  mere  leakage,  since  part  of 
it  may  be  accounted  for  by  differences  in  temperature  which 
the  gases  are  subjected  to  when  measured.    N'evertheless,  there 


Showing  effect  of  illuminating  gas  on  elm  tree, 
one  and  one-half  years  after  leakage  occurred. 
(From  "Park  and  Cemetery.") 
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is  a  very  large  number  of  leaks  in  gas  mains  at  the  present 
time,  and  the  nnmber  of  cubic  feet  of  gas  wbich  annually 
escape  into  the  soil  is  quite  large. 

There  are  a  great  many  joints  in  gas  mains  from  which  can 
bo  detected  only  slight  leakage,  —  perhaps  from  two  to  three 
cubic  feet  a  day ;  whereas  there  are  others  from  which  the 
leakage  is  very  extensive,  and  from  Avhich  thousands  of  cubic 
feet  of  gas  escape  into  the  soil  in  the  course  of  a  year.  Even 
these  smaller  leaks,  where  the  outflow  is  only  from  two  to  three 
cubic  feet  a  day,  are  capable  of  injuring  trees  in  the  course  of 
time,  since  the  soil  becomes  charged  with  gas  to  quite  an  ex- 
tent in  a  few  years.  Should  the  roots  of  trees  happen  to  be 
near  these  leaks,  the  trees  will  become  unhealthy,  but  perhaps 
will  not  die.  There  are  hundreds  of  city  trees  affected  in 
this  manner,  and  gas  is  seldom  suspected  of  causing  their 
sickly  condition.  In  the  eastern  States,  at  least,  there  are 
three  kinds  of  gas  used,  —  water  gas,  coal  gas  and  oil  gas. 
So  far  as  the  effects  of  these  various  gases  on  trees  are  con- 
cerned, there  is  ajDparently  little  or  no  difference,  since  they 
all  contain  similar  elements  which  are  poisonous  to  trees. 

There  are  two  classes  of  injury  which  may  readily  be  dis- 
tinguished as  resulting  from  gas  poisoning:  first,  incipient 
cases ;  and  second,  pronounced  cases.  In  the  first  series  we 
have  those  already  alluded  to  as  resulting  from  small  leaks, 
and  the  ground  in  such  cases  never  becomes  fully  charged 
for  any  considerable  distance.  They  may  not  result  in  killing 
the  tree  directly,  but  cause  it  to  be  unhealthy,  and  there  is 
likely  to  be  a  large  amount  of  dead  wood  found  on  such  trees 
annually.  Occasionally  a  large  tree  may  be -located  near  a 
small  leakage,  and  in  such  a  case  only  a  single  root  will  be 
affected.  Those  portions  of  the  trunk  of  the  tree  in  direct 
connection  with  the  leak  will,  however,  show  the  effects  of  gas 
poisoning.  Small  leaks  of  this  description  often  produce  only 
local  injury.  Trees  affected  in  this  manner  may  suffer  w^ith 
what  is  termed  "  general  debility,"  —  a  term  often  used  to 
cover  up  a  vast  amount  of  ignorance  concerning  diseases  in 
general.  In  severe  cases  of  gas  poisoning,  such  as  take  place 
where  there  is  a  large  leak,  the  effects  on  a  tree  are  very  pro- 
nounced, and  there  is  absolutely  no  hope  of  recovery  for  a 
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tree  which  has  once  been  severely  injured  by  gas;  in  short, 
where  a  tree  has  been  defoliated  or  even  half  defoliated  from 
the  effects  of  gas,  there  is  no  hope  for  it,  although  it  might  be 
possible,  if  one  could  dig  up  all  the  soil  around  it  and  expose 
it  to  the  air,  to  eliminate  much  of  the  gas  in  the  soil,  in 
which  case  the  tree  might  make  some  attempt  to  recover. 

The  characteristic  symptoms  of  gas  j^oisoning  are  quite 
marked  to  one  familiar  with  them,  and  can  generally  be  dis- 
tinguished from  other  kinds  of  injury  which  are  likely  to 
'  affect  a  tree.  It  requires,  however,  pretty  close  observation 
and  thorough  understanding  of  conditions  in  order  to  dis- 
tinguish gas  poisoning  from  some  other  types  of  injury  which 
may  occur.  For  example,  in  the  gypsy  moth  district  about 
Boston  the  trunks  of  many  trees  have  been  treated  with  crude 
oil  and  various  other  substances  which  are  exceedingly  in- 
jurious to  trees.  Crude  oil  or  kerosene,  when  sprayed  on  the 
bark  of  a  tree,  will  penetrate  the  wood  to  some  extent.  Un- 
less one  is  perfectly  familiar  with  the  characteristic  symptoms 
of  trees  poisoned  with  gas,  it  would  be  a  very  easy  matter  to 
confound  these  two  classes  of  injuries.  In  both  cases  the  bark 
becomes  loose  and  falls  off  the  tree  very  quickly.  From  care- 
ful observations  of  the  trunks  of  trees,  however,  the  effects  of 
crude  oil  can  generally  be  distinguished  from  those  caused  by 
gas,  by  one  who  is  familiar  with  these  characteristic  injuries. 

In  general,  however,  the  symj)toms  shown  by  trees  affected 
with  illuminating  gas  are  quite  different  from  those  arising 
from  other  causes  which  are  likely  to  be  active.  Trees  affected 
with  gas  are  very  susceptible  to  rapid  disintegration.  One  of 
the  first  effects  .of  poisoning  in  summer  would  be  a  yellowing 
and  drying  up  of  the  foliage,  and  a  greater  or  less  defoliation 
of  the  tree,  according  to  the  degree  of  poisoning.  The  trunk 
of  the  tree  is  generally  dark  colored,  indicating  an  absence  of 
life ;  but  this  feature  is  not  always  present. 

The  occurrence  of  various  species  of  fungi  on  trees  affected 
by  gas  is  rather  conspicuous,  since  these  fungi  are  often  very 
numerous,  and  make  their  appearance  soon  after  a  tree  has 
been  injured ;  whereas  on  trees  dying  from  other  causes  it  is 
sometimes  many  years  before  the  bark  becomes  covered  with 
fungi.     The  sap  wood  is  often  found  to  be  discolored,  and  it 
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has  peculiar,  characteristic  odors  which  assist  in  a  diagnosis. 
Sometimes,  however,  especially  when  the  tree  is  injured  by 
gas  in  late  summer,  at  which  time  the  flow  of  sap  is  not  so 
pronounced  as  in  the  spring,  the  odors  of  the  wood  are  not  so 
marked. 

The  writer  has  had  many  years'  experience  in  examining 
trees  injured  by  illuminating  gas,  and  has  had  occasion  to 
study  a  large  number  of  them  each  year.  In  our  diagnosis 
of  such  trees  we  make  use  of  a  small  hatchet,  which  is  em- 
ployed to  cut  into  the  trunk  of  a  tree  for  the  purpose  of 
examining  the  tissue.  In  most  cases  it  is  only  necessary  to 
insert  the  hatchet  into  the  trunk  and  gradually  pull  the  tissue 
back  to  see  whether  it  is  normal  or  abnormal.  Little  injury 
is  done  to  the  tree  by  this  practice,  as  a  mere  slit  in  a  healthy 
tree  will  heal  over  in  a  short  time.  In  other  cases  it  is 
necessary  to  take  out  a  chip  and  examine  the  tissues  under 
a  microscope.  An  examination,  by  means  of  a  hatchet,  of 
the  larger  roots  Avhich  extend  above  the  surface  of  the  soil, 
causes  less  disfigurement,  and  the  source  of  leakage,  if  such 
is  present,  may  be  discovered.  The  escape  of  gas  into  the 
soil  from  a  leak  follows  the  line  of  least  resistance.  For 
this  reason,  if  leakage  occurs  in  the  street  in  front  of  a  house 
one  can  usually  detect  the  odor  of  gas  in  the  cellar,  as  the  gas 
will  follow  the  exterior  of  the  pipe  leading  into  the  cellar. 

There  is  considerable  difference  in  the  resistance  of  soils 
to  gas.  In  gravelly  soils  we  have  known  gas  to  travel  2,000 
feet  without  any  difficulty  when  the  ground  is  frozen,  and 
escape  into  the  cellar  of  a  house ;  whereas  in  heavier  soils  gas 
is  more  likely  to  be  restricted  to  smaller  areas. 

The  poisonous  properties  of  gas  undoubtedly  consist  in  the 
coal  tar  products,  which  contain  such  compounds  as  sulfates, 
cyanides,  etc.  Gas  escaping  into  the  soil  probably  condenses 
fully  as  rapidly  as  in  the  pipe.  The  gas-drip  which  is  taken 
out  of  a  pipe  is  the  condensed  portion,  and  this  in  itself  is 
very  rank  in  odor  and  extremely  injurious  to  plants,  whether 
the  volatile  products  are  taken  in  through  the  leaves  or  the 
liquid  through  the  roots.  It  is  apparently  these  condensed 
products  which  are  taken  up  by  the  roots  and  which  poison  the 
tree.    About  1  or  2  per  cent,  of  gas  is  absorbed  by  water,  and 
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the  water  in  the  soil  becomes  charged  to  a  certain  extent  with 
gas.  In  the  course  of  time,  where  the  leakage  is  more  or 
less  extensive,  the  odor  of  the  soil  becomes  extremely  obnox- 
ious. This  odor  disappears  very  quickly  when  the  soil  is 
aerated;  in  fact,  when  a  gas  leak  is  found  it  is  an  excellent 
idea  to  leave  the  ditch  oj)en  for  a  few  days,  to  get  rid  of  the 
strong  odors  which  are  present  in  the  soil.  There  is  a  certain 
capacity  of  adaptation  of  plants  to  poisons,  and  this  probably 
exists  to  some  extent  in  the  case  of  trees ;  but  this  capacity  is 
limited,  and  where  the  leakage  of  gas  is  continuous,  the 
roots  are  sure  to  be  poisoned  in  time.  The  writer  has  treated 
various  small  trees  and  plants  with  gas,  and  has  grown  plants 
in  water  charged  with  it.  Gas,  like  many  other  poisons,  acts 
as  a  stimulus  to  plants  at  first,  but  eventually  kills  them.  It  is 
possible,  however,  to  keep  roots  alive  in  water  charged  with 
gas  every  twenty-four  hours  for  a  considerable  length  of  time. 
Finally,  however,  after  the  plant  has  absorbed  a  certain 
amount  the  cambium  layer  is  affected,  and  disintegration 
takes  place  rapidly.  It  requires  a  considerable  amount  of  gas 
to  kill  a  large  tree,  but  it  must  be  borne  in  mind  that  the 
conditions  surrounding  a  tree  are  favorable  for  maintaining 
gas  in  the  soil  for  a  long  time.  Mr.  H.  A.  Ballon,  one  of 
our  former  students,  treated  a  large  maple  tree  with  1,000 
cubic  feet  of  gas.  This  was  done  by  digging  a  hole  in  the 
ground  under  the  feeding  roots  to  a  depth  of  four  feet  or 
more,  and  the  gas  was  allowed  to  escape  into  the  soil  at  this 
point  for  a  number  of  months.  The  result  was  that  not  the 
slightest  injury  was  done  to  the  tree.  If,  however,  the  same 
amount  of  gas  had  been  allowed  to  escape  near  a  tree  located 
on  a  macadamized  road,  and  the  leakage  had  extended  over  a 
period  of  two  years  instead  of  three  or  four  months,  some 
injury  would  have  been  discernible. 

Many  gas  companies  now  openly  recognize  the  fact  that  a 
certain  amount  of  gas  leakage  occurs  continually,  and  that  a 
certain  number  of  trees  are  likely  to  be  killed  each  year; 
therefore,  they  endeavor  to  settle  all  claims  for  damages  to 
trees  arising  from  gas  out  of  the  courts.  In  Massachusetts 
the  court  has  decided  in  more  than  one  instance  that  a  good- 
sized,  well-developed  and  sound  tree  in  front  of  an  estate 


1907.]  PUBLIC   DOCUMENT  — No.  33.  185 

is  worth  from  $150  or  $200  in  the  valuation  of  that  prop- 
erty; and  if  such  a  tree  is  killed  by  gas,  the  abutter  is 
entitled  to  damages.  In  most  of  the  cases  of  gas  poisoning 
the  companies  have  settled  with  the  abutters,  allowing  any- 
where from  $5  to  $150  a  tree.  In  other  States  courts  have 
decided  that  an  owner  of  land  which  abuts  on  a  city  street 
and  which  is  planted  with  shade  trees  is  entitled  to  have 
such  trees  protected  against  negligence  or  wilful  destruction 
at  the  hands  of  a  third  party.  A  large,  handsome  tree  taken 
from  a  well-kept  avenue  is  a  greater  loss  to  the  abutter's 
property  than  a  similar  tree  on  a  poor,  ill-kept  street.  More- 
over, a  tree  half-killed  by  the  teeth  of  horses  is  not  worth 
as  much  as  one  in  good  condition.  In  some  cities  gas  com- 
panies have  settled  with  the  city  for  the  loss  of  trees. 

According  to  tree  laws  in  Massachusetts,  gas  companies  are 
undoubtedly  subject  to  a  fine  for  injuring  or  causing  the 
death  of  a  tree,  in  addition  to  the  damages  for  causing  a 
deterioration  of  property  owing  to  the  loss  of  such  trees, 
since  the  laws  relating  to  injuries  to  shade  trees  are  explicit. 
In  some  cases  the  abutter  is  satisfied  if  new  trees  are  planted 
to  replace  the  old  ones. 

Undoubtedly  much  of  the  loss  arising  from  gas  the  past 
few  years  has  been  due  to  inferior  work  in  laying  pipes.  In 
one  small  city,  where  four  miles  of  pipe  were  laid,  we  were 
able  to  find  one  hundred  trees  which  were  injured  beyond 
recovery  from  gas  poisoning,  two  years  after  the  gas  mains 
were  laid;  and  we  venture  to  say  that  three  or  four  hundred 
other  trees  in  the  same  locality  were  more  or  less  affected  by 
gas,  many  of  which  will  subsequently  die  a  premature  death. 

Gekminatiois'  and  Growth  in  Soils  of  Different 
Texture. 
It  requires  only  a  casual  glance  at  the  flora  of  any  region 
to  note  the  fact  that  soil  texture  plays  an  important  part  in 
the  distribution  and  adaptation  of  plants.  Soil,  however,  is 
so  intimately  connected  with  and  modified  by  other  factors, 
such  as  organic  matter,  arrangement  of  the  particles  of  the 
soil,  chemical  constituents,  the  presence  of  living  organisms 
and  differences  in  the  amount  of  water,  that  it  is  a  most  diffi-. 
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cult  problem  to  determine  accurately  the  role  which  texture 
alone  plays  in  plant  distribution  and  adaptation. 

Humus  is  undoubtedly  closely  associated  with  certain  eco- 
logical features  connected  with  the  life  history  of  plants,  since 
it  furnishes  an  environment  for  various  micro-organisms 
which  in  some  instances  amount  to  many  millions  per  gram; 
and  if  the  behavior  of  these  organisms  in  culture  media  fur- 
nishes a  criterion  for  their  activity  in  soil,  important  chemical 
changes  must  take  place. 

In  endeavoring  to  account  for  the  distribution  of  any 
particular  species  of  plant,  one  is  confronted  with  a  complex 
problem,  since  there  are  various  influences  responsible  for 
distribution,  and  the  elimination  of  these  factors  is  beset 
with  difiiculties. 

In  some  cases  differences  in  the  degree  of  adaptability  of 
plants  appear  to  exist  corresponding  with  their  stages  of 
development ;  for  example,  a  seedling  will  die  in  a  soil  of  cer- 
tain texture,  when  a  more  mature  plant  of  the  same  species 
will  succeed  in  thriving  to  a  greater  or  less  extent. 

Soil  texture  exerts  an  influence  upon  the  configuration  of 
plants  which  may  be  seen  even  in  restricted  areas ;  for  ex- 
ample, certain  soils  are  especially  adapted  to  the  luxuriant 
development  of  elms,  and  such  soils  exert  a  marked  influence 
not  only  upon  the  general  type  of  tree,  but  the  color,  size 
and  texture  of  the  leaves,  ■ — ■  a  feature  which  may  be  seen 
to  a  similar  degree  in  other  native  plants. 

Among  our  well-known  cultivated  plants  there  are  some 
which  are  influenced  to  quite  an  extent  by  soil  texture,  the 
best  known  among  these  being  tobacco.  Since  the  texture, 
aroma  and  color  of  the  leaf  is  tested  many  thousand  times 
daily  by  smokers,  much  knowledge  has  been  gained  regarding 
the  influence  of  soil  texture  and  other  factors  upon  the  growth 
of  this  crop.  It  is  well  known  that  the  crops  from  some  soils 
sell  for  two  and  three  times  as  much  as  those  grown  on  soils 
of  a  different  texture.  In  the  development  of  head  lettuce 
soil  texture  also  plays  an  important  role.  This  type  of  lettuce 
is  largely  grown  on  the  Atlantic  coast  soils,  which  predom- 
inate in  the  coarser  grades  of  sand.  When  head  lettuce  is 
grown  in  finer-texture  soils  it  does  not  head  up  well,  and  little 
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or  no  attempt  is  made  to  grow  this  crop  in  soils  of  this  nature. 
Lettuce  seed  sown  in  a  soil  of  fine  texture  will  not  germinate 
nearly  as  well  as  in  loose  soil,  and  lettuce  seedlings  will  reach 
a  certain  stage  of  development,  remain  stationary  for  weeks 
and  eventually  die.  The  reason  why  a  fine-texture  soil  pre- 
vents seedlings  from  developing  is  lack  of  air.  This  may  be 
illustrated  by  the  more  vigorous  growth  which  lettuce  seed- 
lings make  in  such  a  soil  near  the  edge  of  a  flower  pot  than 
in  the  middle,  and  by  various  soil  aeration  experiments. 

The  compactness  of  a  soil,  as  might  be  expected,  exerts  an 
influence  upon  germination  and  growth.  The  following  table 
shows  the  effect  of  loose  and  tamped  loam  and  subsoil  upon 
the  germination  of  seeds.  In  one  case  a  good  loam,  containing 
about  8  per  cent,  of  organic  matter,  was  employed,  one  box 
being  tamped  very  firmly  with  a  heavy  weight  after  the  seeds 
were  sown,  and  the  other  left  very  loose.  In  the  other  case 
two  boxes  of  soil  of  fine  texture  (subsoil)  were  employed. 
This  soil  was  very  deficient  in  organic  matter.  These  two 
boxes  were  treated  in  a  similar  way  to  those  containing  loam ; 
that  is,  one  w^as  left  very  loose  and  the  other  tamped  firmly 
after  the  seeds  were  sown.  In  all  the  boxes  very  little  soil 
was  placed  over  the  seed. 

Result  of  Seed  Germination  in  Loose  and  Tamped  Soils. 


Lettuce,  200  seeds,  . 
Rattlebox,  200  seeds. 
White  clover,  400  seeds. 


Loose.       Tamped. 


80 
146 


Subsoil. 


Loose.       Tamped. 


1  The  seedlings  came  up  in  cracks  in  the  soil. 


!No  lettuce  seed  germinated  in  the  tamped  loam  or  sub- 
soil, while  white  clover  made  its  appearance  in  the  tamped 
Ir  A.  Rattlebox,  which  with  us  is  quite  at  home  in  fine- 
texture  soil  lacking  organic  matter,  did  better  than  the  lettuce 
or  white  clover.  ISTone  of  the  seed  possessed  a  high  percentage 
of  germination,  and  some  allowance  must  be  made  for  this. 
All  of  the  seed  germinated  better  in  the  loose  loam  than  in 
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the  loose  subsoil,  and  the  rattlebox  and  white  clover  showed 
greater  capacity  for  adaptability  to  tamped  soil  than  the 
lettuce. 

Lettuce  is  remarkably  susceptible  to  lack  of  soil  aeration, 
as  is  shown  by  the  many  experiments  we  have  made  with  this 
plant.  The  following  table  shows  the  effect  of  soil  texture 
upon  the  germination  and  growth  of  lettuce.  The  boxes 
employed  in  this  experiment  were  eight  inches  square,  and 
each  was  nearly  filled  with  carefully  sifted  coal  ashes,  con- 
taining particles  corresponding  to  the  sizes  given  in  the  table. 
Each  box  was  weighed  and  watered  daily,  and  the  amount  of 
water  applied  was  such  that  the  degree  of  saturation  was 
equal  to  one-half  the  water-retaining  capacity. 


Influe7ice  of  Soil  Texture  on    the   Oermination  of  Lettuce  Seeds   and 
Growth  of  Seedlings. 


Size  of 

Particles 

(Millimeters). 


Per  Cent,  of 
Germination. 


Average  Weight 
of  Seedlings 
(Milligrams) . 


Box  1, 
Box  2, 
Box  3, 
Box  4, 
Box  5, 


2-1 

1-.5 
..5-.  25 
.2.i-.l 
.l-.OOOl 


54.2 
38.0 
24.8 
33.0 
14.2 


40-60 
80-84 
59.99. 
41.45 
19.25 


The  preceding  table  includes  the  results  of  three  experi- 
ments, in  which  3,000  seeds  were  employed.  The  highest 
percentage  of  germination  is  given  by  the  seeds  sown  in 
ashes  containing  particles  having  a  size  of  2-1  millimeters ; 
while  the  largest  average  weight  of  the  seedlings  is  shown  by 
those  which  were  grown  in  ashes  containing  particles  having 
a  diameter  of  1-.5  millimeters.  In  the  case  of  some  experi- 
ments in  similar  boxes  with  sand  the  highest  percentage 
of  germination  took  place  in  the  particles  ranging  from 
.5  to  .25  millimeters;  and  the  largest  average  weight  of 
seedlings  was  given  by  the  particles  ranging  in  size  from 
1  to  .5  millimeters,  or  the  same  as  in  the  experiment  with 
ashes.  It  should  be  pointed  out  that  important  differences 
exist  between  coal  ashes  and  sand  in  respect  to  absorption  of 
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moisture.  This  was  quite  noticeable  in  the  experiments,  in- 
asmuch as  the  ashes  act  like  a  sponge  and  water  is  retained 
to  quite  an  extent  by  them ;  while  in  the  sand  no  such  absorp- 
tion takes  place,  as  is  readily  shown  by  the  top  layers  of  the 
coarse  sand  becoming  dry,  —  so  much  so  at  times  that  seed 
germination  was  seriously  interrupted.  For  this  reason  it  was 
impossible  to  maintain  the  same  relative  degree  of  moisture 
in  the  various  strata  in  the  sand  boxes  as  in  the  ashes.  Since 
ashes  were  more  porous  and  spongy,  the  difference  in  the 
amount  of  moisture  in  the  various  strata  was  less  marked, 
and  there  was  no  difficulty  in  maintaining  enough  moisture 
for  germination  in  the  coarse  particles  of  coal  ashes. 

The  influence  of  variation  in  the  soil  moisture  cannot  be 
eliminated  in  comparative  experiments  with  soils  of  different 
texture,  since  the  capillarity  of  the  different  grades  of  soils 
is  by  no  means  the  same ;  neither  is  the  amount  of  water 
which  the  seeds  and  seedlings  received  under  these  conditions 
identical. 

Some  parallel  experiments  were  undertaken  in  shallow 
plates,  containing  about  three-fourths  inches  of  coal  ashes, 
having  the  same  range  in  the  size  of  particles  as  in  the 
previous  experiment,  with  somewhat  similar  results.  In  the 
plate  experiments  the  difference  in  the  amount  of  moisture 
due  to  the  difference  in  the  capillarity  was  considerably  mod- 
ified, since  the  substratum  was  so  shallow  that  the  seedlings, 
after  they  had  become  mature  to  a  certain  degree,  could  obtain 
jDractically  the  same  amount  of  water  from  each  type  of  par- 
ticles, providing  evaporation  was  checked,  thus  preventing 
stimulation  which  would  arise  from  the  difference  in  the  water 
supply,  although  the  water  in  the  plates  containing  the  coarse 
particles  would  be  more  largely  confined  to  the  lower  strata. 
Soil  texture  and  water  supply  are  intimately  associated,  and 
this  has  led  some  to  believe  that  water  constitutes  the  ruling 
element  in  the  soil  in  crop  production.  Respiration  is  also 
an  important  function  in  plants,  for  which  process  oxygen  is 
necessary.  When  plants  are  deprived  of  oxygen  they  cease 
to  grow,  and  seeds  will  not  germinate. 

It  is  important  that  roots  be  supplied  with  air  for  respira- 
tion, as  is  shown  by  aeration  experiments ;  and  in  the  experi- 
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ments  with  lettuce  the  difference  in  the  percentage  of 
germination  and  growth  of  seedlings  in  ashes  was  determined 
by  differences  in  the  air  supply  furnished  by  the  various 
grades  of  particles  employed. 

Textuke  of  Massachusetts  Soils. 

Eor  some  years  this  department  has  made  mechanical 
analyses  of  soils  in  connection  with  the  study  of  problems 
relating  to  greenhouse  crops,  and  for  various  persons  who 
desire  to  know  the  constituents  of  some  particular  soil.  A  list 
including  some  of  the  analyses  is  presented  with  this  report, 
the  soils  being  grouped  in  a  general  way  under  different 
headings. 

In  the  list  of  soils  which  follows,  acknowledgment  should 
be  made  to  those  who  have  taken  part  in  this  work,  most  of 
whom  have  been  from  time  to  time  students  and  assistants  in 
our  laboratory.  Some  of  these  soils  were  analyzed  by  Mr. 
Asa  S.  Kinney,  now  director  of  the  Botanical  Gardens  at 
Mount  Holyoke  College;  others  by  Messrs.  A.  A.  Harmon, 
A.  C.  Monahan,  A.  L.  Dacy,  E.  H.  Scott,  L.  K.  Liang;  and 
particularly  Mr.  N.  F.  Monahan,  assistant  in  the  laboratory, 
who  has  made  by  far  the  greatest  number  of  these  analyses. 

The  methods  employed  are  those  recommended  by  Dr. 
Milton  Whitney.  In  some  of  the  earlier  samples  the  finer- 
grade  material  was  separated  by  the  gravity  method,  while 
all  the  later  analyses  have  been  made  by  the  centrifugal 
method  of  separation.  In  all  cases  20  grams  of  soil  were 
used  in  each  analysis. 

The  soils  best  adapted  to  general  market  gardening  are 
those  which  contain  considerable  proportions  of  coarse  ma- 
terial, which  render  them  loose  and  friable.  Such  soils  pre- 
dominate near  the  coast,  and  excellent  types  may  be  found  in 
many  of  our  river  valleys.  The  soils  about  Boston,  especially 
those  in  Arlington,  Belmont,  Newton,  Bedford  and  Concord, 
are  exceptionally  well  adapted  to  market-gardening  purposes, 
and  some  of  the  best  crops  in  the  United  States  are  raised  in 
these  towns.  Market  gardening  has  been  carried  on  in  the 
above-named  localities  for  many  years,  and  renuirkable  skill 
has  been  developed  in  handling  certain  crops.     This  statement 
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holds  true  not  only  in  general  truck  farming,  which  is  fol- 
lowed to  a  large  extent  in  these  regions,  but  is  especially 
applicable  to  the  cultivation  of  head  lettuce  under  glass,  in 
which  unique  skill  has  been  developed. 

It  is  not  unusual  for  market  gardeners  to  put  40  cords 
of  horse  manure  per  acre  on  the  land  used  for  market-gar- 
dening purposes,  and  to  a  soil  devoted  to  greenhouse  lettuce 
even  larger  quantities  of  manure  are  applied.  In  general, 
the  best  market-gardening  soils  are  those  which  contain  a 
large  amount  of  coarse  material,  which  is  well  illustrated  by 
the  Belmont,  Newton,  Concord  and  Bedford  soils.  {Cf. 
Table  I.) 

In  a  similar  class  may  be  included  Worcester  soil  No.  10, 
New  Bedford,  Swansea  and  Touisset.  The  AVorcester  soil 
No.  10  is  from  a  river  valley,  and  is  well  adapted  to  the 
growth  of  head  lettuce.  The  Providence  soil  is  quite  similar 
to  those  of  Cape  Cod,  and  is  somewhat  coarser  than  the 
Arlington  and  Belmont  types.  When  these  coarser  soils  are 
well  supplied  with  organic  matter  they  are  suitable  for  lettuce. 
The  Worcester  soils  Nos.  13  and  20,  together  with  the 
Amherst,  Huntington  and  Pittsfield  soils,  are  not  desirable 
ones  for  head  lettuce,  since  they  are  too  compact.  These  soils, 
however,  have  been  used  for  lettuce,  and  for  this  reason  are 
included  in  this  list. 
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Table  I.  —  The  Mechanical  Analyses  of  Some  Market-garden  Soils. 

[Diameter  of  the  grains  in  millimeters  (1  millimeter  equals  about  1^5  of  an  inch) ; 
gravel,  2-1;  coarse  sand,  1-.5;  medium  sand,  .5-. 25;  fine  sand,  .25-. 1;  very  fine  sand, 
.1-.05;  silt,  .05-. 01;  fine  silt,  .01-. 005;  clay,  .005-.0001.] 
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Pittsfleld,    . 

50.00 

11.50 

5.35 

5.00 

4.80 

14.00 

37.00 

7.05 

1.20 

6.95 

9 

Belmont, 

51.30 

10.00 

4.60 

11.10 

3.95 

19.50 

34.75 

2.10 

1.65 

1.75 

14 

Subsoil  of  No.  9, 

29.30 

1.80 

2.85 

8.25 

14.30 

32.20 

32.05 

2.30 

1.30 

2.35 

10 

Worcester,  . 

46.20 

9.01 

7.17 

15.40 

10.10 

15.30 

29.54 

9.85 

2.87 

2.07 

13 

Worcester  subsoil,    . 

41.00 

9.60 

1.40 

2.00 

3.95 

20.70 

43.45 

7.20 

3.05 

3.60 

15 

Newton, 

67.90 

15.18 

5.75 

8.12 

7.07 

12.06 

34.01 

2.10 

0.20 

3.82 

16 

Spencer, 

50.00 

9.80 

2.70 

4.. 55 

7.30 

22.35 

29.60 

6..  65 

2.45 

3.25 

17 

Providence,  R.  I.,     . 

39.60 

6.65 

9.20 

17.85 

16.85 

20.90 

22.50 

2.75 

0.40 

2.25 

18 

Pittsfleld,    . 

61.00 

11.00 

5.65 

6.90 

5.25 

13.75 

35.30 

5.95 

0.55 

3.85 

19 

New  Bedford,    . 

40.00 

7.60 

4.10 

5.45 

6.45 

12.00 

39.45 

6.95 

5.50 

5.55 

20 

Worcester, 

45.10 

9.40 

1.65 

2.80 

4.25 

19.85 

42.95 

4.50 

2.95 

2.75 

21 

Worcester  subsoil,    . 

36.50 

2.80 

1.00 

1.20 

1.10 

S.30 

66.45 

7.35 

2.10 

5.35 

22 

Amherst, 

40.50 

6.00 

2.60 

5.90 

7.90 

15.40 

40.75 

9.25 

2.60 

4.65 

44 

Huntington, 

43.20 

8.00 

0.36 

0.90 

1.32 

10.09 

29.40 

27.38 

6.35 

7.93 

47 

Concord, 

46. .'59 

7.80 

5.45 

11.01 

13.95 

25.03 

17.87 

12.38 

0.99 

2.75 

52 

South  Sudljury, 

59.93 

9.40 

2.59 

5.79 

7.93 

25.19 

26.38 

12.74 

2.45 

0.98 

57 

Bedford,      . 

67.21 

12.64 

3.80 

5.30 

5.40 

15.02 

22.91 

19.63 

7.34 

3.37 

65 

Waltham  subsoil, 

54.01 

4.32 

0.83 

1.58 

1.94 

10.82 

44.81 

21.15 

4.49 

7.25 

77 

Belmont, 

42.66 

13.20 

3.18 

5.85 

12.13 

37.34 

14.12 

3.60 

0.59 

1.73 

89 

Swansea,     . 

61.80 

10.44 

4.80 

5.07 

13.19 

21.72 

22.88 

14.60 

1.36 

3.49 

95 

Touisset,     . 

.51.30 

11.66 

2.37 

3., 59 

13.63 

19.44 

32.39 

13.22 

0.79 

1.64 

97 

Belmont,     . 

50.00 

10.57 

6.49 

5.84 

10.49 

11.65 

30.25 

9.33 

4.78 

4.01 

The  greenlioiise  cucumber  soils  given  in  Table  II.  are  from 
widely  separated  localities,  and,  with  the  exception-  of  the 
organic  matter  which  they  contain,  are  no  better  adapted  to 
the  growth  of  cucmnbers  than  soils  which  may  be  selected 
from  other  places.  One  special  feature,  however,  in  connec- 
tion with  these  soils  is  the  large  amount  of  organic  matter 
which  they  contain,  which  greatly  modifies  their  texture. 
Most  greenhouse  soils  are  rich  in  organic  matter,  which  is 
furnished   by   the   extensive   use   of   horse   manure    and   de- 


Hatch    Experiment  STATION  or  THitMMpS.  Aoricvltural  COLLtce 

TEXTURE  OF  AKLINGTOM  LETTUCE    SOU 

No.    9 


ar^.il||=*^*^ 


'9l 


An  ideal  market-gaiden  soil. 


Hatch   Ex^erimemt  Station  of  the  Mass    Agri 


TEXTURE    OF  AMHERST  SOIL 
No.  27 


I 


* 


^      =1    ^1 


Jam  aBs     ~ — JaBFj." 


Not  well  adapted  to  market  gardening. 


i;)()7.] 


PUBLIC   DOCUMENT  — No.  33. 


193 


composed  sod.  Cuciiiiibers  arc  not  so  susceptible  to  soil 
texture  as  lettuce,  since  almost  any  soil  fairly  well  provided 
with  organic  matter  is  suitable  for  their  growth;  while  in 
the  cultivation  of  head  lettuce  it  is  necessary  to  have,  in 
addition  to  a  good  sui)ply  of  organic  matter,  a  certain  per- 
centage of  the  coarser  particles  of  soil. 

The  best  method  of  preparing  soil  for  cucumbers  consists 
in  mixing  one-third  horse  manure,  one-third  loam  and  one- 
third  sod.  These  constituents  form  a  suitable  basis  for  a  good 
cucumber  soil,  and  by  the  extensive  use  of  horse  manure  each 
year  it  can  be  kept  in  good  condition. 


Table  II.  —  The  Mechanical 

Analyses 

of  Some 

Cuctiniber 

Soils. 
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East  Brookflekl, 

50.66 

6.00 

7.80 

21.18 

18.57 

17.01 

21.96 

2.89 

2.18 

2.25 

74 

Alhol 

57.30 

•2'2.46 

8.71 

12.80 

7.33 

12.89 

8.85 

13.21 

2.59 

1.39 

75 

Lincoln, 

57.00 

11.00 

2.36 

6.18 

7.87 

34.66 

29.89 

13.33 

0.83 

3.14 

76 

Fitchburg,  . 

42.70 

•26.02 

2.71 

7.91 

6.45 

13.05 

12.64 

18.33 

3.36 

1.33 

94 

Beverly, 

66.40 

12.13 

6.21 

6.94 

12.26 

10.97 

29.48 

15.32 

1.55 

1.39 

Asparagus  is  usually  grown  on  a  coarse,  sandy  soil,  gen- 
erally deficient  in  organic  matter,  partly  for  the  reason  that 
such  soils  will  not  grow  anything  else  satisfactorily.  It  by 
no  means  follows,  however,  that  asparagus  requires  this  type 
of  soil,  since,  as  a  matter  of  fact,  the  best  beds  in  the  State  are 
located  on  soil  of  finer  texture  than  most  of  those  shown  in 
Table  III. 

Such  soils  as  !Nos.  33  and  73  possess  finer  textures  than 
others,  and  they  are  excellent  asparagus  soils,  besides  having 
the  advantage  of  growing  crops  which  are  not  subject  to  the 
summer  stage  of  the  rust;  whereas  plants  grown  in  coarse 
soils  are  often  severely  attacked  by  the  rust,  regardless  of 
their  location.  The  most  important  feature  connected  with 
as^Darag-us  soil  in  respect  to  texture  is  its  ability  to  supply 
water  during  periods  of  excessive  drought,  which  enables  the 
plants  to  resist  outbreaks  of  rust.  In  some  cases  asparagus 
beds  will  yield  $1,000  j:)er  acre. 
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Table  III.  —  The  Mechmiical  Analyses 

of   Some 

Asjjaragus  Soils. 
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Easthani,    . 

38.00 

2.00 

9.38 

27.91 

25.09 

21.43 

8.70 

1.40 

0.77 

1.44 

7 

Orleans, 

35.28 

2.20 

20.97 

31.03 

19.70 

12.26 

6.26 

2.77 

1.46 

1.37 

8 

Concord,     . 

40.81 

4.19 

4.24 

10.20 

12.81 

27.03 

34.11 

1.84 

1.70 

1.08 

33 

Subsoil  of  No.  8, 

33.66 

1.77 

9.69 

12.75 

11.80 

19.23 

24.30 

14.70 

2.24 

0.78 

30 

Attlcljorough,    . 

48.76 

7.54 

9.26 

11.15 

7.87 

11.53 

29.57 

10.95 

2.52 

1.42 

31 

IMontague,  . 

33.46 

2.74 

0.18 

2.75 

14.77 

23.30 

44.39 

6.16 

1.16 

3.27 

33 

Montague,  . 

48.71 

1.86 

0.27 

4.39 

19.86 

43.88 

25.75 

2.64 

0.36 

0.14 

45 

Concord,     . 

42.05 

12.60 

6.90 

12.03 

10.88 

21.43 

15.44 

6.00 

5.50 

2.98 

46 

Concord,     . 

32.82 

3.20 

0.73 

2.69 

5.60 

31.73 

37.84 

4.48 

1.30 

4.30 

48 

Longmeadow,    . 

27.34 

2.80 

3.52 

14.88 

15.90 

25.48 

21.60 

5.46 

1.21 

4.31 

53 

South  Sudbury, 

33.64 

3.. 38 

0.65 

3.22 

9.18 

40.27 

30.29 

2.47 

1.75 

1.09 

55 

South  Berlin, 

29.54 

2.30 

5.33 

17.70 

10.13 

11.98 

14.08 

23.43 

4.49 

3.58 

73 

South  Deerfield, 

34.00 

1.68 

1.33 

6.76 

22.68 

31.12 

18.41 

6.89 

1.53 

3.49 

2 

Eastham,    . 

37.13 

2.60 

17.93 

28.80 

18.85 

5.80 

19.15 

2.85 

1.34 

0.66 

The  soil  of  the  Connecticut  valley  may  be  described  as 
loam,  predominating  in  fine  sand  and  silt,  and  is  quite  differ- 
ent from  soils  found  in  other  parts  of  the  State.  (C/.  Table 
IV.)  It  is  remarkably  free  from  stones,  and  well  adapted 
to  the  growth  of  onions,  tobacco,  pickle  cucumbers  and  various 
other  crops.  In  some  parts  of  the  valley,  where  the  soil  is 
mixed  with  coarser  material,  good  greenhouse  lettuce  is  grown. 
The  most  important  crops,  however,  are  onions  and  tobacco, 
and  the  former  crop  is  considered  better  than  that  raised  in 
any  other  part  of  the  State.  Dr.  Milton  Whitney,  chief  of 
the  Soil  Bureau,  who  has  investigated  and  mapped  the  Con- 
necticut valley  soils,  implies  that  they  are  not  so  well  suited 
to  the  growth  of  the  best  quality  of  tobacco  as  some  of  the 
types  of  Connecticut  soil,  but  they  yield  heavily,  which  en- 
ables the  tobacco  grower  to  derive  considerable  income  from 
this  crop. 

There  is  an  opinion  prevailing  among  farmers  that  some 
of  the  Connecticut  valley  soils  are  better  adapted  to  the  growth 
of  onions  than  tobacco.     The  greater  proportion  of  both  crops 
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is  grown  on  what  Dr.  Whitney  terms  ''  Connecticut  meadow  " 
and  ^'  Podimk  fine,  sandy  loam;  "  and  we  cannot  say  whether 
onions  require,  for  their  best  development,  soil  diifering  very 
materially  in  texture  from  that  required  for  tobacco. 


Table   IV.  —  The    Mechanical  Analyses  of  Some  Tobacco  and  Onion 

Soils. 
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Hatflcld,      . 

33.33 

3.78 

0.05 

0.13 

0.30 

3.38 

60.35 

26.29 

0.71 

4.. 34 

1-2 

Suudcrlaud, 

37.80 

C.76 

0.03 

0.25 

O.,50 

3.92 

21.87 

47.86 

14.70 

2.71 

54 

North  Hatfleld,  . 

63.38 

5.73 

0.03 

0.20 

0.25 

6.30 

37.87 

32.85 

5.13 

5.01 

58 

Sundorland, 

32.38 

4.72 

0.13 

3.32 

0.43 

5.83 

52.18 

23.40 

2.12 

1..54 

59 

Easthanipton,     . 

31.18 

4.40 

0.07 

0.42 

0.75 

10.84 

62.43 

7.. 51 

0.41 

1.03 

61 

Hadlcy, 

38.78 

5.32 

0.05 

0.28 

0.33 

1.08 

.51.46 

24.01 

7.75 

7.00 

62 

Subsoil  of  No.  61, 

36.23 

4.65 

0.08 

0.41 

1.76 

11.32 

56.56 

17.56 

4.25 

1.03 

63 

Double  subsoil  of 
No.  61. 

34.77 

2.40 

0.56 

0.33 

4.98 

2.33 

.50.68 

18.80 

11. .33 

6.36 

70 

Sunderland, 

65.. 50 

8.22 

0.10 

9.45 

1.44 

4.35 

40.01 

29.67 

0.46 

5.65 

78 

Whately,     .       . 

50.00 

10.34 

1.65 

3.42 

12.66 

36.29 

11.24 

14.69 

0..59 

0.79 

90 

Whately,      . 

49.30 

8.17 

1.20 

2.29 

12.37 

35.29 

21.. 39 

15.44 

0.68 

1.49 

There  is  no  greenhouse  specialty  which  requires  so  much 
skill  as  the  growing  of  roses,  and  the  magnificent  specimens 
which  may  be  found  in  the  markets  at  almost  any  season 
of  the  year  surpass  all  other  greenhouse  products  in  beauty 
and  perfection.  There  is  no  plant  which  requires  so  heavily 
manured  a  soil  as  the  rose.  The  customary  formula  for 
mixing  such  a  soil  is  one-third  finely  pulverized  sod,  one- 
third  loam  and  one-third  cow  manure.  In  addition  to  this, 
some  form  of  commercial  fertilizer  is  occasionally  applied. 
Watering  the  plants  with  a  strong  decoction  of  cow  manure  is 
frequently  practised. 

It  is  highly  impracticable  to  use  a  soil  of  this  nature  for 
two  consecutive  seasons,  since,  owing  to  its  high  state  of 
fertilization  and  the  subsequent  chemical  changes  which  take 
place  in  the  soil,  a  toxic  effect  is  produced  upon  the  plants. 
No  class  of  greenhouse  specialists  is  more  particular  about 
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the  texture  of  the  soil  employ e'd  than  rose  growers,  especially 
when  growing  the  American  Beauty.  American  Beauties  are 
more  susceptible  to  differences  in  soil  texture  than  other 
varieties  of  roses,  and  a  perfectly  satisfactory  soil  for  their 
growth  has  not  as  yet  been  found  in  this  State.  They  require 
soil  of  a  different  texture  from  Brides  and  Bridesmaids. 

The  rose  soils  in  the  list  (Cf.  Table  V.)  were  obtained 
from  various  sources,  some  of  which  are  noted  for  their 
production  of  excellent  roses ;  while  others  are  prospective 
rose  soils,  —  that  is,  soils  sent  in  by  rose  growers  who  wished 
to  ascertain  whether  they  were  well  adapted  to  the  growth  of 
roses.  It  will  be  noticed  that  most  of  these  analyzed  rather 
high  in  very  fine  sand  and  silt,  while  two  of  the  samples 
contained  nearly  10  per  cent,  of  clay. 


Table  V.  —  The  Mechanical  Analyses  of  Some  Rose  Soils. 
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Natick, 

43.50 

9.20 

4.. 50 

6.55 

6.30 

13.22 

32.17 

5.67 

1.18 

9.17 

'29 

Madison,  N.  J.,  . 

52.10 

9.96 

3.87 

7.10 

8.10 

13.77 

26.77 

8.85 

1.20 

9.40 

35 

Clifton,  N.  J.,    . 

64.30 

7.90 

3.60 

13.50 

18.77 

17.83 

23.30 

8.59 

1.66 

3.53 

43 

Tarn-town,  N.  Y.,     . 

54.06 

8.10 

.19 

3.00 

4. 58 

13.69 

22.88 

22.25 

11.25 

5.94 

67 

Amherst,     . 

56.50 

8.96 

3.51 

3.25 

3.87 

9.75 

45.42 

14.49 

.99 

3.86 

79 

Westborough,    . 

49.20 

6.06 

3.21 

3.13 

6.92 

8.80 

35.81 

21.14 

.99 

4.31 

81 

Subsoil  of  No.  79, 

34.00 

3.86 

5.05 

3.41 

7.60 

13.83 

38.90 

19.64 

.73 

3.77 

82 

Westborough,    . 

60.24 

6.99 

3.07 

3.23 

7.77 

9.25 

47.81 

16.28 

.40 

1.22 

80 

Subsoil  of  No.  82, 

36.00 

3.88 

5.52 

4.61 

9.29 

13.36 

26.12 

26.25 

.87 

3.87 

84 

Westborough,    . 

42.00 

8.96 

4.59 

4.29 

9.18 

13.35 

22.04 

26.70 

1.97 

2.87 

85 

Natick, 

57.90 

9.10 

4.76 

4.00 

9.61 

15.08 

25.57 

25.55 

.90 

1.48 

86 

Subsoil  of  No.  85,      . 

33.50 

3.57 

7.41 

6.20 

14.70 

18.80 

25.83 

9.97 

11.06 

1.17 

88 

Natick, 

48.00 

6.02 

4.73 

4.19 

9.80 

15.74 

30.00 

21.75 

1.41 

2.59 

87 

Subsoil  of  No.  88,      . 

60.25 

4.71 

4.35 

3.58 

8.36 

11.25 

33.77 

26.47 

1.04 

4.01 

Throughout  Massachusetts  there  are  many  hills  of  an  oval 
shai^e,  whose  long  axes  run  in  a  northerly  and  southerly 
direction.  These  "clay  hills"  are  designated  "  drumlins  " 
by  geologists,  and  in  some  2)arts  of  the  State,  notably  on  the 
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ridge  passing  through  Worcester  countyj  they  are  abundant 
and  symmetrical  in  outline,  forming  the  most  picturesque 
part  of  the  landscape. 

While  these  are  commonly  termed  "  clay  hills,"  their  sur- 
face soil  cannot  be  classed  as  such,  although  it  is  a  heavy, 
rather  cold  soil,  especially  adapted  to  the  growth  of  some  of 
the  coarser  grasses,  like  timothy.  They  make  excellent  pas- 
tures for  cattle,  and  many  of  the  best  dairies  in  the  State 
are  located  in  regions  where  these  hills  prevail.     (C/.  Table 

Drumlins  Avere  formerly  much  valued  by  the  Indians  for 
agricultural  purposes,  since  historical  research '  reveals  that 
many  of  them  were  cleared  of  forest  growth  at  the  time  of  the 
first  English  settlement  in  New  England.  They  are  well 
supplied  with  water,  as  is  shown  by  the  fact  that  crops  grown 
on  them  seldom  suffer  from  drought.  They  are  largely 
cleared  of  forest  growth  to-day,  because  they  are  now,  as  in 
early  times,  highly  valued  for  agricultural  purposes.  The 
original  growth  of  trees  consisted  of  chestnut,  and  where 
forests  exist  on  these  hills  at  the  present  time  they  consist 
mainly  of  this  species. 
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Spencer, 

40.70 

8.50 

5.32 

6.80 
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21.96 

32.51 

8.07 

2.02 

3.05 

49 

Southbridge, 

44.05 

7.44 

6.55 

9.20 

4.23 

23.53 

22.36 

15.90 

3.92 

5.12 

50 

Subsoil  of  No.  49, 

33.30 

3.20 

5.98 

8.18 

6.07 

15.78 

16.84 

19.60 

13.05 

6.23 

51 

Subsoil  of  No.  49,      . 

26.  CO 

2.74 

5.43 

10.21 

11.78 

16.73 

19.83 

18.80 

9.05 

.39 

83 

Eiist  Brookfleld, 

35.25 

6.97 

8.67 

6.53 

11.93 

16.55 

21.33 

18.98 

1.59 

3.90 

Of  the  remaining  soils,  a  variety  of  types  are  represented. 
(C/.  Table  VII.)  A  large  number  of  these  were  taken  from 
the  experiment  station  grounds,  and  they  predominate  in 
very  fine  sand,  which  causes  the  soil  to  become  quite  compact 
when  wet.     They  resemble  the  general  type  of  Connecticut 
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vallej  soils,  aud  are  not  well  adapted  to  the  growth  of  green- 
house crops.  The  Oxford  soil  is  from  a  river  valley,  and  is 
suitable  for  truck  farming.  Soil  No.  96  is  from  the  Berk- 
shire hills,  and  No.  56  from  a  Worcester  county  town,  with 
an  elevation  of  aj^proximately  1,000  feet. 

The  analysis  of  earthworm  castings  is  similar  to  that  of 
the  soil  in  which  the  earthworms  live,  with  the  exception  of 
a  small  amount  of  organic  matter. 
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Outline  of  Work. 

FoTU"  main  lines  of  work  have  occupied  the  attention  of 
the  entomological  division  of  the  station  during  1906  :  corre- 
spondence, experimental  investigations,  sj)ecial  research  and 
the  preparation  of  results  for  publication. 

The  correspondence  during  the  year  has  been  unusually 
large  in  amount,  and  has  extended  over  a  much  longer  period 
than  is  usual.  The  largest  amount  of  this  work  generally 
comes  between  the  first  of  May  and  the  end  of  August,  but 
this  year  it  began  in  March  and  continued  until  into  Decem- 
ber. Of  course  during  the  remaining  months  numerous  letters 
are  received  and  answered,  but  the  bulk  of  the  correspondence 
has  now  not  only  increased  beyond  that  of  previous  years, 
but  has  extended  over  a  longer  period. 

No  unusual  devastation  has  been  reported  during  the  past 
year,  but  all  of  our  injurious  insects  seem  to  have  been  abun- 
dant, and  have  caused  their  share  of  loss  in  one  line  or 
another. 

Experimental  investigations  have  been  begun  or  continued 
from  previous  years  along  a  number  of  lines.  The  prevalence 
of  the  white  fly  in  greenhouses  has  caused  much  loss,  and  in- 
formation as  to  the  methods  of  controlling  this  insect  has 
been  in  great  demand.  For  this  purpose  fumigation  with 
hydrocyanic  acid  gas  appears  to  be  the  most  successful  if  made 
at  the  proper  intervals  of  time  and  in  the  proper  way ;  but 
this  gas  is  also  injurious  to  plants,  and  how  much  these  can 
stand  under  varying  conditions  of  light,  temperature,  humid- 
ity, length  of  exposure  to  the  fumes,  etc.,  has  not  been  de- 
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termined  for  different  kinds  of  plants  at  diiferent  ages.  This 
has  accordingly  been  made  a  subject  of  particular  investiga- 
tion during  the  past  year. 

Tomatoes  were  the  first  crop  tested,  the  usual  greenhouse 
varieties  being  selected ;  and  the  plants  were  fumigated  at  all 
stages  of  growth  and  under  varying  conditions,  to  determine 
in  each  case  the  maxiirium  amount  of  gas  which  could  Ix; 
used  without  injuiy.  Thcise  experiments  have  now  been  com- 
pleted, and  demonstrate  that  it  is  possible  to  fumigate  tomatoes 
with  a  sufficient  strength  of  cyanide  to  destroy  the  white  fly 
without  injuring  the  plants,  provided  certain  conditions  are 
carefully  observed.  The  iufoi'niation  thus  obtained  has 
already  boon  supplied  to  a  uuiiibci'  of  persons  who  have 
luid  trouble  with  the  white  lly  in  tlusir  greenhouses,  and 
has  been  used  successfully,  and  a  bulletin  on  the  subject 
is  now  being  prepared.  At  the  present  time  a  similar  series 
of  experiments  with  cucumlxa's,  another  imj)ortant  forcing- 
house  crop,  and  one  also  seriously  injured  by  the  white  lly, 
is  in  progress. 

The  prevalence  of  root  maggots  of  various  kinds  during 
the  past  few  years  has  called  attention  to  the  need  of  a  more 
thorough  study  of  the  methods  for  controlling  these  insects; 
and  a  series  of  tests  -of  these  methods  was  begun  last  s])ring, 
the  intention  being  to  try  different  treatments  recommended, 
and  obtain  evidence  as  to  their  comparative  value.  For  vari- 
ous I'oasons,  however,  it  was  impossible  to  complete  these 
experiments  during  the  season,  and  it  is  })lanned  to  repeat 
them  on  a  larger  scale  next  year. 

The  last  two  suunuers  have  been  unusually  favorable  for 
the  rapid  increase  and  distribution  of  the  San  Jose  scale. 
This  pest  has  been  in  Massachusetts  for  about  fifteen  years, 
and  in  the  localities  where  it  was  first  introduced  has  spread 
in  all  directions  for  some  distance,  l^ew  centers  of  infesta- 
tion, however,  have  been  constantly  established  from  the 
planting  of  infested  stock  of  one  kind  or  another ;  and  while 
five  years  ago  most  of  these  centers  were  already  in  existence, 
the  number  of  scales  at  each  was  so  small  that  their  presence 
was  generally  unsuspected.  It  would  seem  that  during  the 
first  two  or  three  years  in  any  localily  this  scale  spreads  but 
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little,  as  the  plant  it  is  on  furnishes  all  the  food  supply 
needed ;  but  as  these  plants  become  thoroughly  covered  with 
the  scales,  the  young  ftnd  it  more  difficult  to  obtain  their  food 
without  wandering  farther  from  where  they  were  born,  and 
apparently  more  of  them  under  these  conditions  get  upon  the 
feet  of  birds  or  larger  insects  which  alight  where  they  are, 
and  are  thus  carried  away  to  infest  other  parts.  The  result  of 
this  is  a  general  infestation  of  the  region,  following  four  or  five 
years  after  the  local  infestation;  and  it  is  probable  that  this 
condition  of  affairs  was  reached  generally  in  Massachusetts 
about  1904.  Following  this  were  two  summers  extremely 
favorable  for  a  rapid  increase  of  these  pests;  and  we  now 
find  them  in  great  abundance  in  many  places  where  their 
presence  has  not  before  been  suspected,  and  quite  generally 
scattered  through  the  State. 

Whether  this  explanation,  which  naturally  is  more  or  less 
theoretical,  be  correct  or  not,  the  fact  remains  that  the  corre- 
spondence of  this  station  shows  that  the  San  Jose  scale  was 
probably  present  in  one  or  more  somewhat  restricted  areas  in 
nearly  every  town  in  Massachusetts  east  of  the  Connecticut 
River  in  1904;  while  at  the  present  time  it  would  probably 
be  easy  to  find  it  in  a  dozen  places  in  each  of  these  towns, 
and  as  frequently  on  large,  old  trees  as  on  recently  set 
ones. 

Though  this  insect  attacks  a  large  number  of  kinds  of 
plants,  those  of  most  importance  to  man  are  the  fruit  trees 
and  certain  ornamental  trees  and  shrubs ;  and  these,  accord- 
ingly, are  the  ones  which  will  receive  attention  in  the  way  of 
treatment.  A  number  of  extensive  studies  in  the  treatment 
of  the  San  Jose  scale  were  begun  at  this  station  in  1902,  at 
which  time  the  conclusion  was  reached  that  the  most  successful 
treatment  was  obtained  by  the  use  of  the  lime  and  sulfur 
mixture.  Farther  experiments  along  this  line  have  been 
made  as  opportunities  offered,  and  tke  results  reached  still 
confirm  that  conclusion.  Last  spring  over  eight  hundred 
trees  belonging  to  the  college  were  sprayed  with  a  number 
of  different  preparations,  and  a  study  of  the  results  was  made 
during  the  entire  summer  and  fall.  The  inconvenience  in 
making  the  lime  and  sulfur  mixture,  resulting  from  the  neces- 
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sity  of  boiling  the  materials  for  from  forty  minutes  to  an 
hour,  has  led  to  an  attempt  to  avoid  this  by  adding  materials 
which  would  continue  the  boiling  begun  by  the  slaking  of 
the  lime  for  a  sufficient  length  of  time  to  obtain  the  desired 
chemical  combinations.  Several  of  these  "  self -boiling  mix- 
tures "  were  tested  last  spring,  but  none  of  them  gave  as  good 
results  as  the  lime  and  sulfur  mixture  prepared  in  the  usual 
way.  Perhaps  the  best  of  these  "  self -boiling  mixtures  "  was 
that  obtained  by  a  mixture  of  20  pounds  of  lime,  14  pounds 
of  sulfur  and  10  pounds  of  sal-soda  in  40  gallons  of  water. 
Similar  combinations,  substituting  sodic  sulfid  or  caustic 
soda  for  the  sal-soda,  were  more  expensive  and  gave  less  satis- 
factory results. 

The  Derror  tree  fluid  was  also  tested  in  the  course  of  these 
experiments,  but  so  far  as  could  be  observed  failed  to  be  of 
the  slightest  benefit  in  any  case. 

The  K.  L.  mixture,  which  has  been  recommended  by  the 
Delaware  Experiment  Station,  also  gave  unsatisfactory  re- 
sults, besides  being  quite  expensive. 

The  Rex  lime-sulfur  solution  was  applied  in  four  different 
ways,  in  accordance  with  the  suggestions  of  the  manu- 
facturers, but  none  of  the  four  gave  satisfactory  results, 
although  a  small  proportion  of  the  scales  was  killed. 

Scalecide,  applied  at  the  rate  of  1  gallon  to  22  gallons  of 
water,  proved  to  be  something  of  an  insecticide,  killing  many 
of  the  scales;  but  applied  with  the  same  apparatus,  by  the 
same  men  and  on  the  same  day,  as  the  ordinary  lime  and 
sulfur  mixture,  it  failed  to  give  anything  like  as  good  results. 
From  reports  which  have  been  received,  however,  from  other 
places,  it  is  probable  that  this  material,  used  at  greater 
strength,  in  two  applications  and  under  great  pressure  in  the 
pump,  may  prove  quite  effective. 

Observations  for  determining  dates  of  api)earance  of  the 
young  of  the  oyster-shell  and  scurfy  scale  have  been  continued, 
and  the  same  observations  have  been  made  for  the  white  pine 
scale,  as  upon  the  time  when  the  young  appear  entirely 
depends  the  time  at  which  successful  treatment  can  be  given. 

The  raising  of  cranberries  in  Massachusetts  is  a  very  im- 
portant  industry,    in   which   a   large   amount   of   capital   is 
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invested,  and  the  annual  value  of  the  product  is  over  a  million 
dollars.  The  cranberry  plant  has  a  number  of  serious  insect 
enemies,  and  fifteen  years  ago  the  subject  of  cranberry  insects 
was  given  much  attention  at  this  station,  and  the  results 
obtained  at  that  time  were  published.  Farther  study  on  the 
subject  has  been  greatly  needed,  but  it  was  impossible  to 
make  these  anywhere  except  on  the  bogs  themselves,  and 
until  the  present  year  arrangements  for  this  could  not  be 
made.  Last  spring,  however,  it  was  found  possible  to  again 
take  up  the  study  of  cranberry  insects  under  the  local  condi- 
tions found  on  the  bogs,  and  an  investigator  spent  five  months 
in  continuous  study  of  these  insects  on  the  bogs  around  Ware- 
ham.  Many  of  the  problems  connected  with  the  control  of 
cranberry  pests  have  been  solved,  as  a  result  of  this  investiga- 
tion ;  but  many  new  problems  have  appeared  in  the  course  of 
the  Avork,  which  make  it  desirable  to  continue  the  study 
farther,  and  it  is  the  present  intention  to  have  an  investigator 
spend  six  months  at  least  during  the  coming  year  in  con- 
tinuing the  observations  begun  last  summer.  That  the  results 
thus  far  have  been  so  satisfactory  is  due  in  a  great  measure 
to  the  hearty  co-operation  in  the  work  given  by  the  Cape  Cod 
Cranberry  Growers'  Association,  and  of  many  individuals 
connected  therewith. 

During  the  latter  part  of  last  winter  some  very  remarkable 
cocoons  found  in  Dorchester  were  sent  to  this  division  by  the 
Gypsy  Moth  Commission,  and  were  found  to  be  the  cocoons 
of  some  foreign  insect.  Subsequently  the  moths  which 
emerged  from  them  were  identified  as  being  native  in  China 
and  Japan,  and  concerning  which  very  little  appears  to  be 
known.  The  possibility  that  this  insect  may  become  a  pest 
in  this  country  is  so  great  that  it  has  seemed  wise  to  thoroughly 
investigate  its  present  distribution,  abundance,  probable  means 
by  which  it  reached  this  country,  and  all  that  is  already 
known  of  it,  and  this  work  has  taken  much  of  the  time  during 
the  last  two  months  of  this  year.  Apparently  this  insect, 
which  may  for  convenience  be  designated  the  Oriental  moth, 
has  been  in  this  country  for  six  or  seven  years,  and  it  is  at 
least  possible  that  it  was  introduced  on  nursery  stock  imported 
from  Japan.     It  has  now  spread  over  a  considerable  territory 


204  EXPERIMENT   STATION.  [Jan. 

in  Dorchester,  where  it  is  quite  abundant.  The  caterpillar 
feeds  upon  the  leaves  of  a  large  number  of  our  more  common 
fruit  and  shade  trees.  While  it  is  yet  too  soon  to  determine 
whether  it  will  become  a  serious  pest,  the  experience  this 
State  has  had  with  the  gypsy  and  brown-tail  moths  has  been 
of  such  a  nature  that  it  is  the  part  of  wisdom  to  investigate 
all  such  ini])ortations  as  this,  and  be  at  least  prepared  for  the 
worst.  The  insect  has  already  shown  that  it  can  live  in  our 
climate,  that  it  can  become  quite  abundant,  and  that  it  has 
few  if  any  enemies.  At  the  present  time  in  Asia  it  is  present 
over  twenty  degrees  of  latitude,  corresponding  to  the  distance 
from  Florida  to  Labrador  in  this  country.  A  bulletin  giving 
all  the  information  thus  far  obtainable  about  this  insect  has 
already  been  issued,  and  further  studies  of  it  w^ill  be  made 
the  coming  year. 

The  other  subjects  outlined  in  this  I'eport  have  taken  so 
much  time  that  little  has  been  done  along  the  line  of  special 
research,  only  one  paper  having  been  published,  though  sev- 
eral topics  are  now  in  hand,  and  the  work  on  them  occupies 
the  few  odd  minutes  not  taken  by  other  duties. 

Insects  of  the  Year. 
The  insects  which  have  caused  much  loss  in  Massachusetts 
during  190G,  as  indicated  by  the  corresi:)ondence  of  the  station 
and  also  by  personal  observation,  have  been  of  many  kinds. 
The  condition  of  this  State  as  regards  the  San  Jose  scale 
has  already  been  described,  and  the  corres]«)ndence  about  this 
pest  has  been  very  great  in  amount.  In  connection  with  this, 
the  oyster-shell  scale,  the  scurfy  scale,  the  rose  scale,  the 
white  pine  scale  and  several  kinds  of  Lecaniums  have  re- 
quired a  considerable  amount  of  attention.  ]\Iany  letters  wLth 
reference  to  the  gypsy  moth  and  brown-tail  moth  have  also 
been  received,  and  have  either  been  answered  from  here,  or 
the  writers  referred  to  the  Gypsy  Moth  Commission,  which 
now  has  charge  of  the  work  of  controlling  these  insects.  The 
elm-leaf  beetle  is  gradually  becoming  more  abundant,  and 
has  again  reached  the  point  where  its  nund)ers  are  sufficient 
to  greatly  injure  the  a])])earance  of  our  elms.  During  the 
spring  months  an  unusual  ahundauce  of  flie  s])iuy  elm  cater- 
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pillars  was  noticed,  and  in  sonic  places  they  serionsly  injured 
the  appearance  of  the  trees.  JMant  lice  of  varions  kinds  were 
also  nnich  in  evidence;  and  many  specimens  of  tussock  moths, 
particularly  the  old  tussock  moth,  were  sent  to  the  station  for 
identiticatiou.  Many  in<iuiries  about  cutworms  were  re- 
ceived, bnt  the  corresj)ondence  on  this  topic  was  less  than 
dnring  the  two  years  preceding;  while  inquiries  about  wire 
worms  and  the  best  treatment  for  them  were  more  abimdant 
than  nsual.  In  gnnndiouses  the  white  fly  is  a  serious  pest, 
causing  the  loss  of  thousands  of  dollars,  and  much  corre- 
spondence ;  while  tlirips,  which,  was  so  much  in  evidence  a 
few  years  ago,  was  inquired  about  l)ut  twice.  The  asparagus 
root  miner,  an  insect  not  hitherto  reported  in  this  State,  has 
made  its  appearance  in  several  places  in  sufficient  abundance 
to  cause  considerable  injury.  But  little  is  known  of  \\n)  life 
history  of  this  insect,  and  further  investigations  upon  it  are 
fdanned  for  the  coming  season. 

As  a  whole,  the  important  insects  this  year  have  been  of 
so  many  different  kinds  that  it  has  been  impossible  to  give  to 
most  of  them  the  iminterrupted  attention  wliich  is  needed, 
even  for  our  most  abundant  forms,  in  order  to  test  the  best 
methods  of  control.  There  is  no  insect  known  about  which 
more  information  would  not  be  of  assistance  in  leading  to 
the  discovery  of  better  remedies  than  we  now  have; ;  and  it 
is  most  desirable  that  the  insects  causing  the  most  loss  in 
any  year  shall  be  carefully  studied  at  the  time,  in  the  hope  of 
finding  better  methods  of  control.  Such  conditions  as  have 
prevailed  during  the  past  season,  therefore,  where  work  of 
this  kind  has  been  almost  impossible  on  account  of  so  many 
calls  for  information  in  different  directions,  produce  a  year 
which  nmst  be  considered  as  more  or  less  unsatisfactory  in  the 
way  of  results ;  and  this  was  certainly  the  case  in  1906. 
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VETERINARY   DEPARTMENT. 


This  newly  organized  department  of  the  station  has  been 
in  operation  since  July  1  of  the  present  year.  Previous  to 
this  the  veterinary  work  in  the  station  has  been  attended  to 
by  the  veterinary  department  of  the  college. 

Each  year  for  the  past  fifteen  years  there  has  been  an 
increasing  demand  from  the  stock  owners  of  the  State  for 
information  concerning  veterinary  subjects.  This  demand 
.has  come  to  the  station  in  the  form  of  requests  for  lectures  and 
publications,  and  correspondence  relative  to  animal  diseases, 
or  to  the  nature  of  material  sent  for  examination.  The  speci- 
mens that  have  been  received  have  come  from  various  parts 
of  the  State,  and  have  consisted  of  diseased  tissues  of  the 
larger  animals,  or  in  some  instances  the  cadavers  of  the  smaller 
farm  animals ;  and  in  some  cases  the  products  of  the  ani- 
mals, such  as  milk,  eggs,  etc.  This  material  has  been  sub- 
jected to  a  close  examination,  oftentimes  a  microscopical  study 
and  bacteriological  examination,  requiring  a  large  amount  of 
time  and  labor  to  complete  it.  Living  animals  sent  for  study 
and  examination  have  been  kept  under  observation  in  the 
hospital,  wdiere  experiments  have  been  conducted  to  obtain 
definite  information  regarding  the  nature  of  the  particular 
affection,  as  regards  cause,  effects,  contagiousness  and  other 
closely  related  matters.  Upon  the  completion  of  the  work 
written  reports  have  been  sent  to  those  from  whom  the 
specimens  have  come,  advising  them  of  the  nature,  cause, 
treatment  or  prevention  of  the  particular  affection. 

On  several  occasions  visits  have  been  made  to  farms  in 
different  parts  of  the  State,  to  investigate  outbreaks  of  disease 
of  a  character  peculiar  either  on  account  of  the  circumstances 
imder  which  the  disease  made  its  appearance,  the  form  it 
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assumed,  or  the  peculiarity  of  the  symptoms  accompanying 
its  development.  Experiments  conducted  at  the  station,  and 
on  the  farm  in  conjunction  with  the  owners  of  the  animals, 
have  in  several  instances  been  fruitful  of  most  favorable 
results,  either  in  arresting  the  progress  of  the  disease  or  in 
preventing  its  recurrence. 


208  EXPEKIMENT    STATION.  [Jan. 


EEPORT    OF    THE    HORTICULTURIST. 


F.    A.    WAUGH. 


Outline  of  Work. 

The  -work  of  the  department  of  horticulture  continues  on 
the  lines  laid  down  several  years  ago,  and  set  forth  in  previous 
reports  of  this  station.  The  principal  experiments  under- 
taken deal  with  problems  in  the  propagation  of  fruit  trees, 
in  pruning,  and  in  the  systematic  study  of  varieties  of  fruits. 
These  all  require  a  considerable  number  of  years  to  secure 
definite  results,  and  no  report  on  these  experiments  would  be 
justified  at  this  early  date. 

Incidental  to  other  work,  a  few  experiments  of  minor  im- 
portance have  been  underway,  such  as  cross-grafting  herba- 
ceous plants,  test  of  varieties  of  strawberries,  details  of 
certain  methods  in  market-garden  practice,  some  study  of 
thermo-physiological  constants,  the  practical  application  of  di- 
gesting fluids  in  the  germination  of  seeds,  the  growing  of 
mushrooms,  etc.  A  short  report  on  the  experiment  last  men- 
tioned is  appended  herewith. 

ISToTES  ON  Mushroom  Culture. 
Opportunity  has  offered  during  the  last  two  years  to  make 
several  practical  experiments  in  mushroom  culture.  The 
principal  matter  at  issue,  aside  from  a  demonstration  of 
methods,  was  the  comparative  value  of  the  new  pure-culture 
sjoawn.  Several  commercial  varieties  of  these  so-called  tissue 
or  pure-culture  spawn  were  tested  and  compared,  and  com- 
parison was  made  with  the  common  commercial  English  spa^^^l 
and  with  the  French  spa^^^l.  The  results  are  summarized 
below. 
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]\riishrooiiis  were  grown  under  the  ordinary  conditions.  No 
special  houses  were  provided.  For  the  most  part,  beds  were 
made  up  under  greenhouse  benches  in  a  house  used  for  bed- 
ing  out  stock.  In  one  instance  beds  were  made  in  an  unused 
cellar.  This  work  was  under  the  direct  charge  of  Mr.  Francis 
Canning,  head  gardener. 

As  has  been  said,  the  usual  methods  were  followed.  For 
instance,  in  the  fall  of  1904  a  bed  was  made  up,  November 
19.  This  "\vas  spawned  November  30  with  common  English 
spawn  and  with  a  few  varieties  of  pure-culture  spawn.  The 
first  picking  was  made  on  January  G,  The  entire  crop  from 
a  bed  of  75  square  feet  was  something  over  50  ix)unds.  This 
amount  was  sold  for  an  average  of  35  cents  a  pound,  bringing 
a  total  of  a  trifle  over  $17.50.  This  gives  an  average  return 
of  approximately  24  cents  per  square  foot.  Part  of  this  crop 
was  sold  locally  in  quart  strawberry  boxes,  wdiich  will  hold 
one  pound  of  mushrooms  when  heaping  full,  A  considerable 
amount  of  the  crop  was  shipped  to  Boston,  selling  from  40 
to  50  cents  a  pound,  yielding  a  net  average  of  33  cents  a 
pound. 

In  the  fall  of  1905  the  experiment  was  renewed,  greater 
care  being  taken  to  equalize  all  conditions,  and  to  give  a  fair 
test  on  the  comparative  value  of  varieties  used.  Five  pure- 
culture  varieties  were  included  in  this  planting,  as  follows: 
Alaska,  Columbia,  Bohemia,  Galloway  and  Agaricus  arvensis 
(this  last  is  the  variety  now  called  Eureka).  In  separate 
sections  of  the  same  bed  the  common  English  and  the  French 
spawns  were  included.  The  following  table  shows  the  results 
of  this  experiment.  The  time  of  first  picking  is  indicated, 
and  of  the  last  picking,  thus  showing  the  length  of  season. 
The  total  weight  is  given,  and  dates  are  added  to  indicate 
at  what  time  of  the  season  the  beds  w^ere  most  productive.  In 
the  last  column  is  shown  the  number  of  pounds  produced  by 
each  bed  during  its  most  productive  week. 
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It  will  be  seen  that  the  pure-culture  varieties  gave  much 
larger  yields  than  either  the  English  or  the  French  spawn. 
While  this  difference  is  very  great  in  this  experiment,  in- 
dicating probably  an  inferior  grade  of  English  and  French 
spawn,  all  our  experiments  have  shown  a  similar  advantage 
for  the  i^ure-culture  varieties.  Indeed,  it  seems  to  be  one  of 
the  chief  advantages  of  the  new  method  of  growing  mush- 
room spawn  from  pure  culture  that  it  nearly  always  gives 
fresher  and  more  vigorous  spawn.  The  product  is  nearly 
always  more  uniform,  and  of  higher  quality;  but,  while  this 
advantage  is  important,  it  is  not  so  great  as  the  one  already 
mentioned. 

A  comparison  of  the  different  varieties  shows  that  Eureka 
(Agaricus  arvensis)  leads  all  the  others  in  productivity, 
Alaska  coming  second.  This  has  been  the  result  in  all  the 
exjjeriments  in  which  these  varieties  have  been  tested. 
Eureka  is  darker  colored  than  any  of  the  other  varieties, 
and  sometimes  not  quite  so  well  shaped;  nevertheless,  it  is 
solid  and  heavy,  and  of  fairly  good  quality  when  cooked. 
Galloway  is  a  white,  small,  delicate  variety,  the  best  of  all  for 
eating,  but  not  sufficiently  productive  to  pay  the  grower. 

The  following  conclusions  may  fairly  be  drawn  from  the 
experiments :  — 

1.  Pure-culture  spawn  is  as  a  rule  very  much  better  than 
either  English  or  French  spawn. 

2.  There  are  important  points  of  difference  between  the 
commercial  pure-culture  varieties ;  these  differences  consist 
in  color,  flavor,  form,  and  above  all  else  in  productivity. 

3.  The  most  productive  variety  thus  far  tested  is  Eureka. 
Several  other  varieties  are  promising. 

As  a  general  result  of  our  experience,  it  may  be  said  that 
mushrooms  can  often  be  grown  profitably  as  a  catch-crop  in 
cellars  or  under  greenhouse  benches  where  conditions  are 
favorable.  The  most  important  favorable  condition  to  be  con- 
sidered is  a  cheap  and  reliable  supply  of  fresh  horse  manure. 
It  is  quite  plain,  however,  from  our  experience,  that  the 
stories  of  sudden  wealth  accumulating  from  mushroom-grow- 
ing are  mostly  fictitious. 
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Experiments  in  feeding, 
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Moth,  oriental,  importation  of, 
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Peach  stem,  monilia  on, 
Phosphates,  comparison  of, 
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Potash,  muriate,  v.  high-grade  sulfate  of. 
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Salts,  comparison  of  different. 
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Abbot  sphinx  {Thyreiis  abbotii),  B  36-1 1 

Acti7iofiei>ia  rosae,     (See  Rose  leaf  blight) 

Aeration  of  soil,  its  relation  to  germination  and  growth, R  18-124 

African  millet  (black  chaff), R  10-37 

Agriculturists,  report  of  . . .  R  2-4,  3-4,  4-8,  5-15 1,  6-9,  7-7,  8-1 1,  9-9,  10-9,  11-44, 

12-9,  13-91,  14-11,  15-102,  16-110,  17-115,  1S-15. 
Air-dry  foods   used   in   experiments,   composition  of,     (See  Poultry  experi- 
ments). 

Aleyrodes  (White  fly), R  13-87,  15-47,  17-113  ;  Tech.  B  1-5 

Greenhouse  {A.  vapoi-arioi-iun),. .  R  13-87,  15-47,  17-113;  Tech  B  1-12 

Strawberry  {A.packardi),    R  15-47  ;  Tech  B  1-53 

Treatment  of  greenhouse  plants  for B  96-12 

Alfalfa, R  7-15,  10-35,  i7-"5>  18-18  and  42 

As  a  forage  crop, R  14-52 

Fertilizers  used  for   R  14-53 

Yield  of R  14-54 

Alfalfa  seed,  effects  of  asparagin  solutions  on  germination  of   R  13-76 

Effects  of  leucin  solutions  on  germination  of  R  13-80 

Alternaria, R  14-63,  15-28 

Alum  not  destructive  to  currant  worms, B  2-5  ;  R  1-25 

Ammoniacal  carbonate  of  copper,  (See  Fungicides  and  insecticides) 

Analyses,  compilations, R  8-81  and  163,    9-137  and  225,    14-108  and  171, 

1S-155. 
Agricultural  chemicals  and  manurial  substances,  R  8-164,  9-226,  14-110, 
18-157. 

Cattle  feeds  (concentrates),    R  8-90,  9-145,  14-181,  18-21 1 

Dairy  products. R  8-98,  9-155,  14-193,  18-223 

Fertilizer  ingredients  of  fodder  articles,  . .  R  8-94,  9-15 1,  14-188,  18-218 

Fertilizers,  commercial    R  14-97,  15-14,  16-92,  17-98,  18-55 

Fodder  articles, '. R  8-82,  9-138,  14-172,  18-201 


Fruits, R  8-181,  9-243,  14-133.  18-185 

Fruits  and  garden  crops,   relative   proportions  of    phosphoric  acid, 
potassium  oxide  and  nitrogen  in.  R  8-184,  9-246,  14-J42,  18-194 

Garden  crops, R  8-1S2,  9-244,  14-135^  18-187 

Insecticides, R  8-187,  9-249'  i4-i47'  18-199 

Analyses  of  Arsenate  of  lead, B  109-14 

Ashes,  cotton  hull  (See  also  Manurial  substances,  analyses  of)  R  12-121 

Crematory R  8-161,  10-125,  16-103 

Lime    (See  also  Manurial  substances,  analyses  of) 

R  16-102,  17-107,  18-64 
Wood  (See  also  Manurial  substances,  analyses  of) 

R  10-121.  ii-iiS.  12-121,  13-66,  14-106,  15-24,  16-100,  17-106, 
iS-63. 

Barnyard  manure, B  45-4,  81-18,  95-14  :  R  10-120 

Brans  and  rice  meal, R  8-56 

Condimental  poultry  foods, B  71-30,  106-8 

Condimental  stock  foods, B  71-28,  106-4 

Condition  powders, B    7 1-30 

Cotton-seed  meal,  (See    also  Manurial   substances,   analyses   of,  and 

Concentrates,  analyses  of) R  10-123 

Cranberries, R  14-98 

Damara  land-guano, R  10-124 

Drainage  waters R  1 1-134 

Feeds,  concentrated,     (See  Concentrates) 

Fertilizer  materials,  (See  Manurial  substances,  analyses  of) 

Fertilizers,  commercial,     (See  Fertilizers,  commercial) 

Forage  crops, ' R  8-126 

Gluten  feeds,  (See  also  Concentrates,  analyses  of) R  8-54 

Gluten  meal,  (See  also  Concentrates,  analyses  of) R  8-55 

Hen  manure R  12-122 

Insecticides, B  74-7,  109-14 

Milk  of  CpUege  herd R  4-1 1 

Oat  feeds,  (See  also  Concentrates,  analyses  of) R  8-54 

Paris  green, B  38-11,  74-7,  81-7,  109-14 

Peruvian  guano, R  16-102 

Phosphatic  slag, R  9-220,  13-68,  17^108 

Plant  food, R  11-119 

Plants,  ash  B  S9-8 

Rye,   R  1 1-126 

Sludge,    R  12-12  r,  13-67 

Soil,  notes  on R  16-99 

Soils,  ....  B  4S-1 1 ,  49-5,  62-7,  63-8,  65-7,  70-9,  746,  77-9,  81-6,  S3-7,  84-7, 
896,  90-8,  92-5,  95-10,  100-9,  103-10,  104-9,  '07-6,  109-12, 
iii-ii.  113-7. 

Sugar  beet  refuse,     R  16-103 

Water, K  S-58 

Wool  washings, R  10-126 


Analysis,  methods  of R  13-12 

Ajiap/toihrips  striata,  (See  Grass  thrips) 

Anasa  tristis,  (See  Squash  bug) 

Animal  meal  vs.  cut  bone  for  egg  production, R  8-42,  9-48,  10-41,  1 1-90 

Animal  vs.  vegetable  food  for  hens R  8-40 

A?iisopteryx pometaria,  (See  Canker  worm,  fall) 

Ankee  grass  {PanicJivi  crtis-galli), R  9-41 

Anthracnose  {ColletotricJutvi  lage)iarni?/i),  . . . .  B  87-35  >  ^'^  97')  '2-58,  14-63, 
15-28,  18-116. 

AntJirenus  scropJuilariae,  (See  Buffalo  carpet  beetle) 

Antiopa  butterfly  (En-cUincssa  antiopa), B  28-19 

Ants, B  2-5,  5-10  ;  R  1-23 

Aphides  (Plant  lice), R  10-103,  16-107,  i7"i '3 

On  rose  bushes, B  19-1 19 

Treatment  of  greenhouse  plants  for B  96-12 

Aphodius grajiaruis,  (See  Grain  aphodius) 

Apple,  directions  for  spraying  (See  Spraying  calendar) 

Fertilizers  for B  66-9 

Literature  relating  to  diseases  of R  17-31 

Report  on  varieties,  . .  B  2-1 1,  37-3,  44-3,  52-3,  66-3,  73-3  ;  R  1-28,  5-156, 
6-6,  7-17  and  19,  ii-n. 

Results  of  spraying, B  11-12,  17-15,  21-19,  25-13,  37-3,  73-10 

Varieties  in  the  horticultural  department, B  4-18 

Apple-leaf  miner  {Tisckeria  malifoliella), R  15-47 

Apple-leaf  spot, R  15-27  and  32 

Apple  pomace,  composition, R  1 7-85 

Digestibility, R  17-85 

Feeding  value, R  17-85 

For  dairy  animals, R  17-86 

In  digestion  experiments, R  16-68  and  74,  17-69 

Apple  scab  {Fjisicladiinn  dendriticuvt), B  17-12  ;  R  15-28 

Apple-tree  tent-caterpillar  {ClisiocatnpaafnericaJia),. . . .  B  12-22,  19-121,  20-7; 
R  16-107. 

Apple  trees,  girdling B  1-12  ;  R  1-17 

Paris  green  on B  19-1 18 

Apples,  amount  of  copper  on  sprayed  B  17-39 

Marketing  in  boxes, R  16-167 

Apricot,  directions  for  spraying   (See  Spraying  calendar) 

Literature  relating  to  diseases  of R  17-31 

Varieties  in  the  horticultural  department, B  4-20 

Army  worm  {Leucania  ittupiincta), B  28-10  ;  R  10-103,  18-15 1 

Arsenate  of  lead,  (See  Fungicides  and  insecticides) 

Analysis  of B  109-14 

Arsenate  of  soda,  (See  Fungicides  and  insecticides) 

Arsenic,  poisonous  doses  of B  2-8  ;    R  1-26 

Arsenite  of  lime,  (See  Fungicides  and  insecticides) 


Ashes,  analyses  of  (See  Analyses  of  ashes) 

Ashes,  cotton  hull R  12-121 

Crematory,  analyses  of  (See  Analyses  of  ashes) 

Notes  on R  8-160,  10-125,  16-103 

Lime,  analyses  of  (See  Analyses  of  ashes) 

Notes  on R  16-101,  i7-i07,  18-64 

Refuse,  analyses  of  (See  Analyses  of  ashes) 
Wood,  analyses  of  (See  Analyses  of  ashes) 

Notes  on. . . .  R  10-12 1,  11-117,  12-120,  13-65,  14-106,  15-24,  16-100, 
17-105,  18-62. 

Asparagin  solutions,  influence  on  germination  of  seeds, R    13-75 

Asparagus,  directions  for  spraying,  (See  Spraying  calendar) 

Sulfate  vs  muriate  of  potash  for R  18-16  and  23 

Asparagus  rust  {Puccinia  asparagi),   B  61-3  ;  R  9-72,  10-5S,  14-69,  15-29, 

17-8,  18-140. 
Asparagus  rust  and  physical  properties  of  soil,  relation  between.  . .  R    12-61 
Aspiciiotiis  perniciosiis^  (See  San  Jose  scale) 
Aspidisca  splendoj'iferella^  (See  Shield  bearer) 

Aster,  China  [Callistephtis  hortensis), B  79-3 

Diseases  of B  79-5  ;  R  12-56,  13-71,  15-28 

Literature  relating  to  diseases  of R    17-32 

Stem  rot  of B  79-5  ;  R  9-61,  14-68 

Attageniis picetis,  (See  Pitchy  carpet  beetle) 


Babcock  machines,  inspection  of R  14-160,  15-55,  16-42,  17-41,  J8-71  ; 

Sp.  B.  July,  '03-7. 

Babcock  test, R  14-157  ;  Sp.  B,  July,  "03-8 

Examination  of  candidates  for  certificates  of  fitness  to  make, 

R  i4-i59>  15-55.  16-42,  17-41,  18-71 

Bacteria  in  soils,  sterilized  and  unsterilized, R  18-146 

Bacterial  cucumber  wilt, R  12-57 

Barley,  different  phosphates  compared  for R  8-131,  9-192 

Yield  under  green  manuring, Sp.  B  Jan.,  '94-12 

Barley  and  peas  as  forage  crops, B  72-9 

Barley  seeds,  black,  effect  of  diastase  solutions  upon  germination  of  R  13-82 

Barnard's  insect  trap, B  19-1 16 

Barnyard  manure,  analyses  of B  45-4,  81-18,  95-14  ;  R  10-120 

As  a  source  of  nitrogen,  (See  Nitrogen  fertilizers  compared) 

Notes  on B  95-14  ;  R  lo-i  19 

Proper  handling  of B  58-13 

Treatment  of,  with  absorbents, B  81-17 

Bean,  directions  for  spraying  (See  Spraying  calendar) 

Effect  of  fertilizers  upon  time  of  maturing, B  2-30  ;  R  1-46 


Fertilizers  for  (See  Fertilizers  for  garden  crops) 

Report  on  varieties, B  4-17 

Summary  of  yield  of R  8-141 

Bean  weevil  {Bruchus  obsoletiis), B  12-14 

Beans,  Adzuki  {Phaseolus  radiaius), B  7-17,  18-101  and  103 

Horse  {  Viciafaba), R  8-37,  9-12  and  38 

Japanese  varieties,  report  on B  18-100 

Kidney  {Phaseolus  vulgaris), B  18-101 

Soy  (soja,  soya),    (See  Soy  beans) 

Beef  scraps  vs.  milk  albumin  for  egg  production, R  15-153 

Beet,  different   nitrogen  fertilizers   compared   for  (See  Nitrogen  fertilizers 
compared) 

Fertilizers  for R  10-25,  "-70,  12-39,  16-127 

Grown  under  the  influence  of  electricity, B  23-9 

Literature  relating  to  diseases  of R  17-32 

Report  on  varieties, B  44-36 

Seed  tests, B  44-28 

Sulfate  vs.  muriate  of  potash  for    (See   Potash,   sulfate    and   muriate 
compared) 

Beets  and  silage,  comparative  value  for  milk  production, R  5-153 

Begonia,  leaf  spot  of R  9-68 

Bibby's  dairy  cake  in  digestion  experiments, R  17-71,  18-74  and  79 

Birch  Bucculatrix, R  13-86,  14-88 

Birches,  cut-leaved,  dying  of R  14-58 

Black  chaff  (African  millet), R  10-37 

Black  knot  (wart)  of  plum  and  cherry  {Plowrightia  mordosa),  .  .B  6-15,  17-14 

Results  of  spraying  for B  17-15,  37-8,  52-5 

Treatment  for    B  1 1-18 

Black  (spotted)  paria,  (See  Strawberry  flea) 

Black  poplar,  directions  for  spraying  (See  spraying  calendar) 

Black  rot  of  grape  {Laestadia  Bidiuellii), B  17-14 

Black  spot  of  maple  {Rhytisma  acerinuin),  R  1 1-145 

Black  spot  of  rose  {Piloboltcs  crystallimis), R  9-70 

Black  spot  of  rose  leaves  {Actinonema  rosae), B  4-10,  6-13 

Blackberry,  directions  for  spraying  (See  Spraying  calendar) 

Effect  of  different  fertilizers  on  time  of  maturing,  . . . .  B  2-29  ;  R  1-45 

Pruning,    B  66-17 

Report  on  varieties,.  ..  B  2-24,  7-4,  10-13,  iS'i3»  21-11,  22-10,  26-9,  37-18, 
44-15,  52-8,  66-7,  73-8,  82-24  ;  R  1-40,  5-157,  6-6,  11-17. 

Rust  of  {Chrysoinyxa  albida), R  9-74 

Varieties  in  the  horticultural  department,  . ., B  4-21 

Blepliarida  rhois,  (See  Jumping  sumach  beetle) 

Blomo  feed  for  horses, R  17-88 

Composition, R  1 7-88 

Cost  of  digestible  matter  in R  17-89 

Digestibility,    R  17-88 


Feeding  trials  with R  17-90 

Keeping  quality, R  1 7-92 

Blood  meal,  Armour's,  in  digestion  experiments, R  17-73 

Bone,  cut  fresh,  vs.  dried  meat  meal  for  poultry, R  8-42 

Bone  meal,  agricultural  value  of  (translation) B  35-3 

Bordeaux  mixture,  (See  Fungicides  and  insecticides) 

Botanists,  report  of    R  8-7,  9-57,  10-47,  11-142,  12-56,  13-71,  i4-57)  i5-27) 

16-9,  17-7,  18-1 15. 

Botrytis  (Damping  fungus)   , R  9-79,  10-55,  i  i-H9 

Effects  of  soil  sterilization  .on R  1 7-1 1 

Brans  and  rice  meal,  analyses  of R  8-56 

Brazilian. stooling  flour  corn, R  10-37 

Brewers'  dried  grains, B  94-13 

Effect  of,  on  flav"br  and  keeping  quality  of  milk, B  94-19 

In  digestion  experiments, R  16-71  and  77 

Bromin,  (See  Fungicides  and  insecticides) 

Bronzing  of  rose  leaves, R  1 1-165 

Brown  fruit  rot  {Monilia  fructigena), B  17-13  ;  R  10-63 

Brown-tail  moth  [Etiproclis  chrysorrhoea),. . . .  R  12-101,  14-87,  15-46,  16-108, 

17-114,   18-151  ;  Sp.  B.  July,  '97-3. 
BrucJuts  obsoletns,  (See  Bean  weevil) 
Brjichns ptsi,  (See  Pea  weevil) 
Buckwheat  seed,  effect  of  asparagin  solutions  on  germination  of.  .     R  13-78 

Effect  of  leucin  solutions  on  germination  of R  13-79 

Bud  moth  [Tmetocera  ocellana), B  1-6,  12-4  ;  R  i-i  r 

Buffalo  carpet  beetle  {A7ith7-en7is  sc?'oph7ilariae), B  5-3  ;  R  1 1-104 

Bitfo  lentigmosiis  ameiicaims,  (See  Toad,  American) 

Bug  death, R  9-43 

Burns  and  wilts,  treatment  of  greenhouse  plants  for B  96-13 

Butter,  effect  of  linseed  oil  on R  13-23 

Effect  of  narrow  and  wide  rations  on  quantity  and  cost  of  . .     R  9-100 

Tests  at  Hood  farm, R  15-58 

Butter  fat,  effect  of  linseed  oil  on R  13-21 

Butter  fat  and  butter,  effect  of  different  concentrates  on R  13-25 

Effect  of  feed  on R  13-14,  14-162,  16-45 

Butternut,  leaf  blight  of  {GlocosporiiiDi  Jiiglnndis), R  10-69,  11-146 


c 

Cabbage,  cooperative  soil  tests  with  fertilizers, R  9-9  'ind  13 

Different  nitrogen  fertilizers  compared  for    R  1 1-72,  12-39 

Different  phosphates  compared  for R  13-102,  14-27 

Different  potash  salts  compared  for R  17-117  and  129 

Directions  for  spraying,  (See  Spraying  calendar) 


Effect  of  different  fertilizers  on  time  of  maturing  ,. . . .   B  2-28  :  R  1-44 

Fertilizers  for B  58-11  ;  R  11-72,  12-39 

Phosphates  compared  on  basis  of  equal  phosphoric  acid  for.  R  16-136 

Report  on  varieties, B  44-38 

Results  of  experiments  with B  58-8 

Rotti  ng  of R  1 1-149 

Seed  tests, B  44-29 

Sulfate  vs.  muriate  of  potash  for    (See    Potash,    sulfate    and    muriate 
compared) 

Cabbage  butterfly  {Pie/is  >-apac), B  12-19 

Cabbage  leaf-miner  {PlutcUa  cniciferafiii/i),    B  12-30 

Calf  meal.  Hay  ward's, R  16-S0 

Blatchford's,    R  16-85 

Callistep/iiis  /lortensis,  (See  Aster,  China) 

Calves,  digestion  experiments  with R  18-247 

Calves,  raising  without  milk, R  16-S0 

Canker  worm, B  20-4,  2S-3  ;  R  10-104 

Fall  {Anisopteryx poinetaria)^. » B  20-4,  28-3  ;  R  13-87 

Spring  [Paleacrita  7^erHata),     B  20-4,  28-3 

Carbohydrates  of  plants  and  seeds, R  9-90 

Carbolic  acid  emulsion,  (See  Fungicides  and  insecticides) 
Carbon  bisulphid,  (See  Fun^jicides  and  insecticides) 

Carnation,  directions  for  spraying,   B  80-14 

Effects  of  soil  sterilization  on R  17-14 

Fertilizers  for B  10-3  and  6 

Stem  rot; ■ R  14-67 

Cartieades  messoria,  (See  Tobacco  cutworm) 
Carpocapsa  pomonclla^  (See  Codling  moth) 

Carrots  grown  under  the  influence  of  electricity, B  23-8 

Caterpillar  lime  (Raupenleim), B  44-26  ;  R  12-100 

Cattle,  dairy,  condition  and  care  of B  i  lo-i  i 

Dairy,  health  of B  1 10-12 

Feeds,  composition  and  digestibility  of B  39-22  ;    R  8-81,  9-137, 

14-171,  15-78,  18-200. 

Digestibility,  coefficients  of R  8-99,  9-157,  14195.  i5"84> 

18-224. 

Examination  of R  9-89,  10-74  and  76.  1 1-20  and  22, 

12-103  '^■^'^  '06'  13-11  <ind  12,  14-149  and  151,  15-49  and  51, 
16-38  and  39,  17-38  and  39,  18-66  and  67. 
Fertilizing  ingredients  in  .  B  39-22  ;  R  8-94,  9-151,  14-18S.  18-218 

Cauliflower,  literature  relating  to  diseases  of R  17-32 

Seed  tests,    B  44-29 

Celery,  different  nitrogen  fertilizers  compared  for R  10-25.  i'75j  '2-37, 

16-128. 
Directions  for  spraying,  (See  Spraying  calendar) 
Fertilizers  for R  10-25,  ' i"7S-  '2-37.  16-128 


Literature  relating  to  diseases  of R  17-32 

Report  on  varieties, B  44-39 

Seed  tests, B  44-29 

Sulfate  vs.  muriate  of  potash  for.  R  10-25,  ""75?  12-37,  15-104  and  120 

Cercospora  mictosora  (Leaf  spot), R  14-58 

Cerealine  feed  vs.  corn  meal  for  growing  pigs, R  1 1-27 

Chaff,  black  (African  millet) R  10-37 

Chemical  and  physiological  investigations, R  13-13 

Chemist  (fertilizers  and  fertilizer  materials),  report  of    R  8-1 11,  9-1 71, 

io-io5,  11-105,  12-108,  13-55,   14-91,  15-9,  16-87,    i7"94>  18-50 

Chemist  (foods  and  feeding),  report  of R  8-52,  9-88,  10-74,  11-20,  12-103, 

13-10,  14-148,  15-48,  16-37,  17-37,  18-65. 

Chemistry  (fertilizers),  general  work  in  the  laboratory  of R  8-159,  9-202, 

10-118,    11-115,   12-119,    13-64,    14-104,   15-22,   16-98,17-104, 
18-61. 
Cherry,  black  wart  of  the  (See  Black  knot) 

Directions  for  spraying,  (See  Spraying  calendar) 

Literature  relating  to  diseases  of    R  17-32 

Pruning, B  66-16 

Report  on  varieties, B  2-15,  52-6,  66-6  ;    R  1-32,  7-19,  1 1-16 

Results  of  spraying, B  25-14 

Varieties  in  the  horticultural  department, B  4-19 

Cherry,  wild  black,  leaf  spot  of  {Septoria  cerasiiia) R  10-70 

Chestnut,  leaf  spot  of  {Septoria  ochroleuca) R  10-69 

China  aster  [CallistcpJuis  hortensis),    B  79-3 

Chionaspis  and  hemichionaspis, R  12-100 ;  Sp.  B  Aug.,  "99-3 

Chlorin,  (See  Fungicides  and  insecticides) 

Chrysanthemum,  growing  for  retail  trade, R  17-168 

Report  on  varieties, R  17-170 

Rust  {Puccinia  Tannceti), R  9-76,  10-65,  '  '-iSi,  12-59,  i4-S9 

Stem  rot, R  14-67 

Chrysoniyxa  albi'da,  (See  Blackberry  rust) 

Cicer  arietinton,  (See  Idaho  field  or  coffee  pea) 

Cladospormm  fulv7ijii  (See  Tomato  mildew) 

Cleveland  flax  meal  vs.  old  process  linseed  meal  for  early  lambs,.  .     R  1 1-24 

Climate  and  health,  relation  between R  5-164 

Cliiiocaiupa  americajia,  (.See  Apple-tree  tent-caterpillar) 
Disstria,  (See  Forest  tent-caterpillar) 

Clothes  moths,    B  5-7 

Clover,  Alsike,    R  9-1 1  and  29,  10-33 

Common  red, R  9-29 

Crimson, R  8-13,  9-10  and  1 1  and  21  and  28,  10-36 

Different  nitrogen  fertilizers  compared  for R  12-33 

Different  potash  salts  compared  for.  R  15-104  and  121,  16-112  and  132 

Fertilizers  for B  58-1 1 

For  green  manuring  in  corn  culture, R  9-10  and  21 


Mammoth, R  9-1 1  and  29,  10-33. 

Medium  red, R  10-33 

Proportion  in  mowings  affected  by  fertilizer, R  14-38 

Report  on  varieties, R  9-1 1,  10-33 

Results  of  experiments  with     B  58-6 

Scarlet,    R  6-1 1 

"  Special  "  corn  fertilizer  vs  fertilizer  richer  in  potash  for. .  .       B  9-21 
Sulfate  vs.  muriate  of  potash  for  ....  R  9-31,  10-34,  11-59,  14-12  and  18, 
18-16  and  23. 

Sweet  {MelilotHs  alba), R  9-10  and  21  and  36,  10-34,  i  i-6i 

For  bees, R  1 1-63 

Clover  and  grass  as  forage  crops, > B  72-6 

Clover  family  as  nitrogen  gatherers,  (See  Legumes) 

Clover  rowen  vs.  cabbage  for  &gg  production, R  10-42 

Clover  seeds,  crimson,  effect  of  pepsin  solutions  on  germination  of    R  13-80 

Clover  vs.  mixed  forage  crops, R  9-184 

Clover-head  beetle  {Phytonomiis  nigrirostris), R  1 1-103,  12-100 

Cnidocampa  fla7'escens,  (See  Oriental  moth) 

Coccidae  (Chionaspis  and  hemichionaspis), Sp.  B  Aug.,  '99-3. 

Literature  of R  12-102 

Coccidae  of  the  world,  catalogue  of B  88-3 

Cock,  influence  of,  on  egg  production, R  1 1-98 

Codling  moth  {Carpocapsa  p07nonella),    B  12-29  ;  R  17-1 1 1 

Colletotrichuni  lagenariutn,  (See  Anthracnose) 

Colletotrichiini    Violae-tricoloris, R  1 1-153. 

Concentrates  (Concentrated  feeds),  analyses  of    . . .  B  39-23,  53-12,  56-6,  64-7, 
71-6,  78-16,  85-7,  93-10,  98-8,  101-13,  108-8,  1 12-7. 

Average  composition,    B  85-17,  101-31,  108-33,  112-32 

Cheapest, B  56-22,  64-29,  71-23,  78-37,  93-47 

Classification, B  39-16,  53-6,  56-5,  64-5,  71-4,  78-7,  85-5,  98-7,  108-7 

Comparative  commercial  values,. . . .  B  39-17,  53-23,  56-23,  64-30,  71-26, 
85-27,  9S-34,  101-39. 

Compilation  of  analyses, R  8-90,  9-145,  14-181,  18-201 

Composition  and  digestibility  of  B  39-23,  101-32  ;  R  8-90,  9-145,  14-181, 
15-79,  18-21 1. 

Definition  of  terms  employed, B  78-4,  85-3 

Digestibility,  coefficients  of R  8-107,  9-166,  14-209,  15-94,  18-240 

Effect  of  different,  on  butter  fat  and  butter, R  13-25 

Examination  of .  R  8-53,  9-89,  10-74  ^"d  76,  1 1-20  and  22,  12-103  ^i^d  106, 
13-11,  14-149  and  151,  15-49  and  51,  16-38  and  39,  17-38  and 
39,  18-66  and  67. 

Fat  standards, B  85-6,  93-8,  9S-6,  108-6,  11 2-6 

Fertilizing  ingredients  in B  39-23  ;  R  8-96,  9-153,  14-191,  18-221 

Guaranteed, B  56-6,  64-6 

Information  concerning, B  101-33 

Inspection  of  . .  R  10-76,  11-22,  12-106,  13-12,  14-152,  15-52,  16-40,  17-40, 
18-68. 


Instructions  to  manufacturers,  jobbers  and  retailers,. . . .  B  98-3,  101-4 

Law  concerning,   B  53-11,  93-3,  101-3,  108-4  ;  I^  14-154 

Manufacture  of B  53-6,  78-7 

Market  prices  of   B  98-34,  101-39,  108-51,  112-58 

Protein  and  fat  guarantee  only  required,  why     B  78-40,  108-5 

Protein  standards, B  56-4,  64-4,  71-5,  78-15,  85-6,  93-8,  98-6,  108-6, 

1 12-6. 

Results  of  inspection, B  53-3,  56-3,  64-3,  71-3  and  21,  7S-3  and  31, 

85-18,  93-39,  98-27,  101-5,  106-23,  108-33,  112-32. 

Weight  of B  78-14,  85-28,  101-40,  108-50,  112-57 

Why  fed, B  78-6,  85-24,  1 12-49 

Condimental  foods  and  condition  powders,  utility  of B  71-37 

Condimental  poultry  foods,  analyses  of B  71-30,  106-8 

Condimental  stock  and  poultry  foods B  71-27,  85-29,  106-3 

Brands  and  manufacturers  of •  • B  7 1-32 

Results  and  suggestions, I^  71-3  and  33,  106-12 

Resume  of  experiments  with B  106-18 

Condimental  stock  foods,  analyses  of B  71-28,  106-4 

Condition  powders,  analyses  of     B  71-30 

Effect  of,  on  egg  production, R  9-46,  10-3S,  1 1-88 

Utility  of B  71-37 

Conifers  and  evergreens,  burning  of    R  18-1 18 

ConotracJieliis  7ieti7ip]iai\  (See  Plum  curculio) 

Consolidation  of  Massachusetts  Agricultural  Experiment  Station  and  Hatch 
Experiment  Station, R  8-3 

Copper,  amount  on  sprayed  fruit B  17-38 

Copper  acetate,  (See  Fungicides  and  insecticides) 

Copper  carbonate,  (See  Fungicides  and  insecticides) 

Copper  sulfate,  (See  Fungicides  and  insecticides) 

Treatment  of  pond  water, R  18-143 

Corn,  Brazilian  stooling  flour R  10-37 

Compared  with  millet  as  a  grain  crop,  R  4-1 1 

Compared  with  wheat  and  buckwheat  for  egg  production, 

R  15-107  and  153  and  154,  16-113  and  150,   17-119  and  153, 
18-18  and  43. 
Cooperative  soil  tests  with  fertilizers,    (See  Soil  tests  with  fertilizers) 

Dent R  8-37 

Different  phosphates  compared  for  R  10-16 

Different  potash  salts  compared  for R  14-31,  17-117  and  130 

Effect  of  fertilizers  on  time  of  maturing, B  2-30  ;  R  1-46 

Effect  of  manure  on  yield  of R  15-132 

Effect  of  nitrogen  on  yield  of R  15-130 

Effect  of  phosphoric  acid  on  yield  of    R  15-13 1 

Effect  of  potash  on  yield  of    R  15-132 

Ensilage,  comparison  of  varieties, R  14-32 

Eureka  silage, R  17-69,  18-73  and  86 
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Favorable  effect  of  lime  on R  12-14 

Fertilizers  for   B  9-3,  14-3,  18-82,  58-10 

Fodder,  E ureka  silage R  1 7-76 

Green  manuring  in  culture  of R  9-10  and  20 

Hill  vs.  drill  culture  for R  5-154,  6-10,  8-30,  9-10  and  19 

Manure  alone  vs.  manure  and  potash  for B  18-88  ;  R  4-10,  5-154, 

6-10,   7-9,   8-12  and  28,  9-16,    12-21,    13-116,    14-14  and  42, 
15-105  and  139,  17-118  and  143. 
Phosphates  compared  on  basis  of  equal  phosphoric  acid  for.  R  17-132 
Phosphatic  slag  and  nitrate  of  soda  vs.  ground  bone  for  ....     R  8-142 

Report  on  varieties,   R  9-1 1  and  25,  10-28 

Results  of  experiments  with B  58-5 

■'  Special  "  fertilizer  vs.  fertilizer  richer  in  potash  for 

B  18-90 ;  R  4-10,  5-154,  6-10,  7-10,  8-12  and  29,  9-17,  10-12, 
11-54,  12-23,  13-1141  14-14  and  43,  15-105  and  141,  17-118 
and  140,  18-16  and  29. 

Sulfate  vs.  muriate  of  potash  for R  10-22,  11-61,  12-27 

Sweet,  eastern  vs.  western  seed, B  7-8 

Effects  of  fertilizers  on    R  9-200 

Fertilizers  for    R  8-137,  9-200 

Sulfate  vs.  muriate  of  potash  for R  12-26 

Winter  vs.  spring  application  of  manure  for. .  .  .  R  14-15  and  48,  15-106 
and  145,  17-119  and  147,  18-17  ^^'^^  32- 

Corn  and  cow  peas  as  forage  crops, R  14-169 

Corn  and  millet  compared  as  grain  crops, B  18-93 

Corn  and  soy  beans  as  forage  crops, B  72-8  :  R  15-67 

Corn  meal  vs.  Cerealine  feed  for  growing  pigs, R  1 1-27 

Corn  meal  vs.  hominy  meal  for  growing  pigs, R  11-27 

Corn  worm  {HeliotJiis  ar^/iige?-) B  28-16 

Corrosive  sublimate,  (See  Fungicides  and  insecticides) 

Cotton,  literature  relating  to  diseases  of R  17-32 

Cotton  hull  ashes, R  12-121 

Cotton-seed  feed,  as  a  hay  substitute,  R  10-79 

Composition  of R  10-82 

Digestibility  of R  10-83 

Milk  experiments  with R  10-85 

Cotton-seed  meal, R  12-1 22 

As  a  fertilizer,  notes  on R  lo-i 22 

Effect  on  milk,  butter  fat  and  butter, R  14-162 

Vs.  soy  bean  meal  for  milch  cows, R  6-13 

Cover  crops  for  orchards B  82-9 

Cow  peas  and  corn  as  forage  crops, R  14-169 

Cow  peas  and  soy  beans  compared  for  green  manuring,. R  13-119 

Cows,  care  of B  1 10-44 

Cotton  seed  feed  as  a  hay  substitute  for R  10-79 

Dairy,  feeds  and  feed  combinations  for B  39-10 
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Different  gluten  meals  compared  for R  8-62  and  65 

Feeding  experiments  with  B  94-6  and  15  and  23  :  R  8-62  and  65,  9-100, 

10-79,  "■42,  12-106,  13-14,  14-162,  16-45,  18-74  and  81. 
Grain  mixtures  for    . . . .  B  39-19,  53-24,  56-22,  64-30,  71-25,  78-38,  85-29, 
93-49,  101-37,  ioS-47,  112-53. 

Malt  sprouts  vs.  gluten  feed  for    B  94-23 

Milch,  cotton  seed  meal  vs.  soy  bean  meal  for R  613 

Economic  feeding  of B  39-3 

Tests  with  distillery  grains, R  13-49 

Testing  of  pure  bred, • . . .  R  15-57,  16-43,  17-42,  18-73 

'Crab  apples,  varieties  in  the  horticultural  department B  4-18 

Cranberries,  average  analyses  of R  i_4-98 

Cranberry  insects, ...  B  19-1291 

Paris  green  for L  . . .  B  19-1?^ 

Cream,  what  constitutes  a  "  space  "of R  8-67 

•Creameries  and  milk  depots  in  Massachusetts, Sp.  B  July,  '03-13 

Crops,  as  related  to  weather  conditions R  17-7 

Manurial  requirements  of B  58-3 

Miscellaneous, B  18-97  ;  R  8-36,  9-12  and  34 

Protection  of,  from  insects,  etc., R  8-47 

Spraying,    B  73-9 

Under  tent-cloth, R  15-36 

(Cryptorhynchus  lapathi,  (See  Willow  borer) 

Cucumber,  different  nitrogen  fertilizers  compared  for R  16-127 

Effects  of  soil  sterilization  on ' R  17-13 

Fertilizers  for R  16-127 

Literature  relating  to  diseases  of R  17-32 

Report  on  varieties, B  44-40 

Seed  tests, B  44-30 

Under  glass, B  87-3 

'Cucumber  diseases, B  87-29  ;  R  15-28 

Anthracnose  or  leaf  blight  {Colletotric]ii(vi  lagejiariiaft)), 

B  87-35  ;  R9-71,  18-116 

Damping  off, B  87-38 

Downy  mildew  {Plasinopara  cubeiisis), B  87-36  ;  R  13-72,  14-63, 

15-29,  17-8,  i8-ij6. 

Leaf  curl, B  87-30 

Powdery  mildew B  87-39 

Stem  curl, B  87-32 

Timber  rot, B  87-37 

Wilt, B  87-32  ;  R  1 1-159,  12-57,  15-28 

Cucumber  seeds,  effects  of  pepsin  solutions  on  germination  of R  13-81 

'Currant,  directions  for  spraying  (See  Spraying  calendar) 

Pruning,    B  66-17 

Report  on  varieties, B  44-12,  52-7,  66-8,  73-S,  82-24  ;  R  5-157,  6-6, 

7-20,  1 1-17. 
Varieties  in  the  horticultural  department,    B  4-21 
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Currant  seedlings, K  10-71 

Currant  stem  girdler  {PJiylla-cus  fla7'ivent7-is), B  28-20 

Currant  worms,  alum  not  destructive  to , B  2-7  ;  R  1-25 

Cutworm  {Nephelodes  7ninians), R  5-150 

Tobacco  [Carneades  tnessoria), R  10-104 

Cystistis  proliferoiis  albus, R  8-36,  9-41 


D 

Dairy  and  feeding  experiments,.  ..  B  94-6;  R  8-62,  9-100,  10-77,  "-24,  12-106, 
13-14,  14-162,  15-57,  16-45,  17-45.  18-74  and  79. 

Dairy  animals,  apple  pomace  for R  17-86 

Dairy  cows,  breeds  of B  1 10-13 

Food  and  water  supply  of B  1 10-12 

Dairy  law, R  14-156  ;  Sp.  B  July,  '03-3 

Execution  of R  15-54,  16-41,  17-41,  18-70 

Dairy  law  and  its  results,   Sp.  B  July,  '03-3 

Dairy  products,  compilation  of  analyses  of R  8-98,  9-155,  14-193,  18-223 

Examination  of . . . .  R  8-60,  9-89,  10-74  and  75,  1 1-20  and  21,  12-103  ^"^d 
105,  13-11,  14-149  and  151,  15-49  and  51,  16-38  and  39, 
17-38  and  39,  18-66  and  67. 

Fertilizing  ingredients  in R  8-97,  9-154,  14-192,  18-222 

Dairy  room,  care  of B  110-46 

Dairy  utensils,  care  of B  1 10-46 

Dairymen,  an  act  for  the  protection  of R  18-70 

Damara  land  guano,  notes  on R  10-124 

Damping  fungus  (Botrytis), R  9-79,  10-55,  1 1-149 

Dandelion,  different  nitrogen  fertilizers  compared  for R  16-126 

Fertilizers  for R  16-126 

Dandelion  stem  rot, R  17-8 

Datura  straffioniicf/t,  (See  Jamestown  weed) 

Decoctions,  soil,  influence  of,  on  seed  germination, R  18-129 

Decorative  plants,  leaf  spot  of R  9-62 

Dendrolene  (Raupenleim), B  44-26 

Dent  corn, R  8-37 

Dertnestes  larda7-ius,  (See  Larder  or  bacon  beetle) 
Des7nodium  tortuosum,  (See  Florida  beggar  weed) 
Dewberry,  directions  for  spraying  (See  Spraying  calendar) 

Diastase  solutions,  influence  of,  upon  germination  of  seeds,    R  13-82 

Digestibility  of  cotton  seed  feed, R  10-83 

Digestibility  of  feed  stuffs,  influenced  by  drying  and  curing, R  15-101 

Digestion  coefiicients, R  8-99,  9-157,  14-195,  15-84,  18-224 

Digestion  experiments, R  8-99,  9-157,  10-78,  1 1-43,  12-107,  14-195 

With  calves, R  18-247 

With  horses,    R  14-214,  18-246 
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With  poultry, R  14-215,  18-246 

With  ruminants,    R  8-ico,  9-158,  14-196,  18-225 

With  sheep, R  9-i35.  '3-5°.  15-82,  16-63,  17-45,  i8-74 

With  swine, R  8-109,  9-169,  14-213,  i8-245v 

Director,  report  of R  1-3,  2-2,  3-3,  4-3,  5-147,  6-3,  7-3-8-3,  9-3)  10-3,  ri-3, 

12-3,  13-3,  14-3,  15-3,  16-3,  17-3,  18-5. 

Diseases  of  crops,  literature  relating  to R  17-31 

Distillers'  grains,  dried B  94-3  ;  R  13-44 

Digestibility  of R  13-48 

Effect  on  flavor  and  keeping  quality  of  milk, B  94-10 

In  digestion  experiments, R  16-69  '•nd  74 

Tests  with  milch  cows, R  13-49 

Distillery  and  brewery  by-products, B  94-3 

Dothidca  Ulmi, R  14-58 

Downy  mildew  of  cucumber  and  melon  {Plasviopara  cnbensis), 

B  87-36  ;  R  13-72,  14-63,  15-28  and  29.  17-8,  18-116 

Of  tomato  {Pkyiopht/iora  ii/festans), R  18-1 15 

Drainage  waters,  analysis, R  11-134 

Dried  blood  and  leather  refuse  as  sources  of  nitrogen, R  11-123 

Dried  blood  as  a  source  of  nitrogen,  (See  Nitrogen  fertilizers  compared) 

"  Drop  "  of  lettuce, B  69-12  ;  R  9-79,  ro-55,  11-149 

Methods  of  controlling B  69-17 

Dry  Bordeaux  mixture,  (See  Fungicides  and  insecticides) 
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Eau  celeste,  (See  Fungicides  and  insecticides) 

Eel  worms  (Nematodes),    B  55-5 

Treatment  for B  55-32,  96-12 

Egg  production,  feeding  experiments  with  poultry  for,  (See  Poultry  Experi- 
ments) 

Electrical  potential,  atmospherical,  influence  on  plants, R  16-31,  17-14 

Effect  on  germinating  seeds,    R  16-33 

In  trees  and  in  free  air  compared,    R  17-19 

Electricity,  experiments  with  lettuce R  16-22 

Experiments  with  radishes R  16-16 

In  agriculture, B  16-3,  23-3,  43-3 

Influence  on  plant  growth, R  16-13 

Injuries  to  shade  trees  from B  91-3 

Electro-germination,   B  43-3 

Electrograph,    R  3-8 

Elm,  directions  for  spraying  (See  Spraying  calendar) 

Spraying  for  leaf  spot),    R  15-35 

Elm  bark  louse  {Gossyparia  iilmi), B  28-23 

Elm  leaf  beetle  {Galerucella  Inieola),  .  . .  B  36-3,  76-3  :   R  14-87,  15-47,  16-107 
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Entomologists,  report  of  R  1-9  and  21,  2-5,  3-5,  4-5,  5-148,  6-7,  7-5,  8-43, 

9-85,  10-102,  11-102,  12-98,  13-84,  14-86,  15-45,  16-105,  17-111, 
18-149. 

Entomosporiiem  inaculatiitu,  (See  Pear  leaf  blight) 

Erysiphe  {Sphaerotheca) pannosa,  (See  Rose  mildew) 

Endemis  botratia,  (See  Grape  berry  moth) 

Enproctis  chrysorrhoea,  (See  Brown-tail  moth) 

Eureka  silage  corn, R  ,7.69,  18-73  and  86 

Eureka  silage  corn  fodder, r  17-76 

Euvanessa  antiopa,  (See  Antiopa  butterfly) 

Exoascus  defofmans,  (See  Peach  leaf  curl) 

Exoascus  Pnttn,  (See  Plum  pockets) 

Experiment  department,  Mass.  Agr'l  College,  organization,  history        R  1-3 

Experiment  Stations,  act  establishing R  1-3 


Fall  canker  worm  {Anisopteryx  pometarid), B  20-4,  28-3  ;  R  13-87 

Fall  web  worm  {Hyp/uintria  cufica), B  20-10 

Farm  yards,  condition  of B  i  lo-i  i 

Fat,  effect  of,  on  composition  of  milk, ^ R  13-16 

Fat  standards  of  concentrates,    B  85-6,  93-8,  98-6,  108-6,  1 12-6 

Faunal  distribution, R  13-87 

Feed,  effect  of,  on  composition  of  milk  and  consistency  of  butter, 

R  13-14, 14-162,  16-45 
Feed  stuffs,  composition  and  digestibility  of,  with  special  reference  to  the 

pentosans,  (See  also  Cattle  feeds)    R  15-78 

Description  of R  15-77 

Digestibility  of,  influenced  by  drying  and  curing, R  15-101 

Feeders,  suggestions  to B  85-25 

Feeding  experiments, B  94-6 ;  R  8-62,  9-100,  10-77,  "-24,  12-106,  13-14, 

14-162,^15-57,  16-45,  17-45'  18-74  and  79. 

With  cows, .'  B  94-6  and  15  and  23  ;  R  8-62  and  65,  9-100,  10-79, 

11-42,  12-106,  13-14,  14-162,  16-45,  iS-74  and  81. 

With  lambs, R  1 1-24 

With  pigs, R  9-126,  10-77,  11-27 

With  sheep, R  9-135,  13-50,  15-S2,  16-63,  ^7'AS^  18-74  and  79 

Feeds,  cattle,  composition,  digestibility  and  fertilizing  constituents  of  (See 
Cattle  feeds) 
Concentrated,  (See  Concentrates) 

New B  85-22,  93-45 

Summer  coarse B  39-13 

Winter  coarse B  39-15 
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Feeds  and  feed  combinations  for  the  dairj'  cow,  (See  also  Cows,  grain  mix- 
tures for)     B  39-10 

Fertilizer,  cotton  seed  meal  as  a,  notes  on . ., R  10-122 

Materials,  analyses  of  (See  Manurial  substances,  analyses  of) 
Special  corn,  vs.  fertilizer  richer  in  potash,  (See  Corn  "  Special  "'  Fer- 
tilizer vs.  fertilizer  richer  in  potash) 

Wool  washings  as  a R  lo- 126 

Fertilizers,  commercial,  analyses  of B  30-4,  31-4,  32-4,  34-4,  40-10,  42-8, 

48-14,49-8,51-6,54-12,57-10,   59-10,   62-S,   63-10,65-8,68-8, 
70-12,  75-8,  77-10,  81-10,  83-8,  84-8,  90-10,  92-6,  100-10,  102-8, 
104-12,  107-8,  111-12,  113-8. 
Analyses  of,  compilations,  (See  Analyses,  compilations) 
Average  analyses  of  .  . .  R  12-113,  '3"59>  14-96,  15-13,  16-91,  17-97,  18-54 

Brands  licensed  in  Massachusetts R  8-150,  9-206,  10-113,  "-"ij 

12-114,  13-60,  14-99,  i5-'6,  16-93,  17-99,  '8-56. 

General  discussion  of  B  38-3,  45-3 

Instructions  regarding  sampling, B  65-10,  74-9, 81-14, 89-12, 

95-11,  103-12.  109-16. 

Instructions  to  manufacturers,   importers,  etc., B  42-30,  45-16, 

65-14,  74-16,  81-9,  103-15,  109-19. 

Manufacturers  and  dealers  licensed  in  Massachusetts, R  8-150, 

9-206,  10-113,  ii-iii,  12-114,  13-60,  14-99,  15-16,  16-93,  •7-99) 
18-56. 

Massachusetts  laws  for  regulation  of  trade  in B  42-24,  45-13, 

74-13;  R  9-215. 

Official  inspection  of R  8-t  47,  9-202,  10-106,  1 1-105,  12-108, 

i3-55>  14-91.  15-9'  16-87,  17-94,  18-50. 

Profitable  use  of Spe.  B  May,  '90-3 

Valuation  of / R  lo-i  1 1,  1 1-108 

Fertilizers,  composition  of  potatoes  affected  by B  18-94 

Cooperative  soil  tests  with  (See  Soil  tests  with  fertilizers) 

Effect  of,  on  time  of  maturing  crops, B  2-26  :  R  1-43 

For  corn, B  58-10 

For  forage  crops, B  72-12 

For  garden    crops, R  8-133,  9-195,  10-23,  1  '-65, 

12-35,  14-13  'ind  20,  15-104  and  118,  16-112  and  122,  1S-18 
and  37. 

Beans, R  8-138,  9-199 

Beets, R  10-25,  1 1-7°'  12-39,  16-127 

Cabbages, B  58-11  ;  R  11-72,  12-39 

Celery, R  10-25,  1 1-75,  12-37,  16-128 

Corn    (sweet), R  8-137,  9-200 

Cucumbers, R    16-127 

Dandelions, R  16-126 

Lettuce, R  1 1-69,  12-38 
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Onions, R  8-137,  9-19S,  12-39,  ^3-^i3 

Peas, R  10-24,  14-13  and  20,  16-1 12  and  122  and  126 

Potatoes, R  11-73 

Spinach, R  1 1-69,  12-38 

Squaslies, R  10-25,  12-40 

Strawberries, R  1 1-69,  12-36,  16-126 

Tomatoes, B  10-5  ;  R  8-139,  9-198,  "-7'-   16-127 

Turnips, B  58-11  ;  R  11-75,  16-128 

For  mixed  grasses  or  Timothy, B  58-11 

For  mowings,  with  considerable  clover, B  58-11 

For  oats, B  58-10  and  1 1 

For  plants  in  pots  and  greenhouses, R  11-119 

For  potatoes,  hill  vs.  drill  application  of R  8-19 

For  rye, B  58-1 1 

For  soy  beans, B  58-12 

For  white  mustard, B  58-8 

Fertilizers,  special,  for  greenhouse  crops, B  10-3,  15-7 

Fertilizers  vs.  manures  for  grass  land, R  5-156,  6-i  2 

Fertilizing  ingredients,  in  cattle  feeds  (concentrates), B  39-22  ;  R  8-97, 

9-153,  14-191. 

In  dairy  products, R  8-97,  9-154,  14-192 

In  fodder  articles, B  3922;  R  8-94,  9-151,  14-188,  18-218 

Trade  values  of B  30-8,  31-8,  32-8,  3S-6,  40-20,  42-31,  45-5, 

48-24,  49-24,  81-12,  54-24,  57-24,59-14,62-20,63-26,65-12, 
68-28,  70-26,  74-12,  75-24,  77-30,  81-19,  83-24,  84-30,  89-6, 
90-30,92-36,  95-16,  100-30,  102-40,  103-17,  104-11,  107-42, 
109-21,  111-28,  113-30;  R  10-112,  ii-iio,  12-111,  13-57, 
14-93,  15-1I)  16-89,  17-96,  18-52. 
Fertilizing  substances,  analyses  of  (See  Manurial  substances,  analyses  of) 
Analyses  of,  compilations,  (see  Analyses,  compilations) 

Instructions  regarding  sampling, B  65-10,  74-9,  81-14,  89-r2, 

95-11,  103-12,  109-16. 
Instructions  to  manufacturers,  importers,  etc.,. . . .  B  42-30,  45-16,  65-14, 
74-16,  81-9,  103-15,  109-19. 

Fescue  mixture,  for  mowings, R  16-146 

Yield  of R  17-146 

Field  pea, R  9-38 

Fire  blight  {Alicrococcus  af/iylovtnis), R  10-60 

Flat  pea  {Lathy rus  sylvestris)^ R  8-13  and  38,  9-12  and  36 

Flax, B  18-99  ;  ^  4-9>  5-152 

Florida  beggar  weed  {Desmodiu?n  toriuosiifu), R  9-41 

Fly,  a  beneficial R  5-149 

Fly  preventives,  tests  of R  15-61 

Fodder  analyses, R  8-53 
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Fodder  articles,  analyses  of  (See  Analyses,  compilations) 
Composition,  digestibility,  etc.  of  (see  Cattle  feeds) 
Fodder  crops  : 

Ankee  grass  {Panicmn  criis-galli), R  9-41 

Cystisus  prolif erus  albus, R  9-41 

Field  peas, R  9-38 

Florida  beggar  weed  {Desmodium  tortnosjini)^ R  9-41 

Horse  bean  ( Vicia  faba), R  9-12  and  38 

Iris  pabiilaria, R  9-4 1 

Oats, R  9-39 

Saccaline, R  9-12  and  40 

Sorghum, R  9-12  and  40 

Spurry  [Spergiila  arvoisis), R  9-41 

Fodder  terms,  glossary  of B  33-3 

Foods,  condimental  poultry  (See  Condimental  poultry  foods) 
Condimental  stock  (See  Condimental  stock  foods) 

Forage  crops, R  i  S-75 

Composition  and  digestibility  of B  72-14 

Fertilizers  for B  72-12 

For  milk  production, B  72-13 

Mixed R  8-122 

Oats  and  lentils R  8-125 

Vetch  and  oats, R  8-122 

Vetch,  horse  beans  and  oats R  8-125 

Vs.  clovers, :    R  9-184 

Summer B  39-13,  72-3  :  R  14-169,  15-63 

Barley  and  peas, B  72-9 

Corn  and  cow  peas, R  14-169 

Corn  and  soy  beans,. B  72-8  ;R  15-67,  18-75 

Grass  and  clover, B  72-6 

Millet R  14-170,  18-75 

Millet  and  peas B  72-7 

Oats  and  peas B  72-7  ;  R  18-75 

Soy  beans  and  cow  peas, R  15-68 

Wheat  and  vetch, B  72-5  ;  R  14-169,  15-63 

Forest  tent-caterpillar  {Clisiocai/ipa  disstria), B  12-24 

Formaldehyde  gas,  (See  Fungicides  and  insecticide.s) 
Formalin,  (See  Fungicides  and  insecticides) 

Fruit,  evaporating, R  7-20 

Fruit  trees,  pruning, B  66-14 

Spraying, B  82-22 

Fruit  worm  {Mineola  vaccinii), B  19-141 

Fruits,  analyses  of  (See  Analyses,  compilations) 

Fertilizers  for B  66-12 

Number  of   varieties  tested, R  S-48 


Thinning, BI44-24,  66-13,  73-4,  82-21 

Small,  new  types  of B  44-23 

Varieties  growing  in  the  horticultural  department, B  4-18 

Vegetables,  etc.,  new  varieties  of B  2-33,  4-22  ;  R  1-49 

Fumigants, B  69-29,  96-10  ;  R  10-48 

Bromin, '. B  69-32 

Carbon  bisulfid, B  69-32,  96-10 

Chlorin, B  69-32 

Formaldehyde,   B  69-31  ;  R  10-49 

Hydrocyanic  gas, B  69-29,  96-10  ;  R  10-49 

Sulfur B  2-34,  69-32,  96-10  ;  R  1-49 

Fungi,  beneficial  (Mycorhiza), R  8-8 

Damping,  relation  to  temperature  and  moisture, R  S-9 

I  nj  urious    R  8-7 

Pathogenic R  1 1-145 

Fungicides, B  13-4,  17-12,  21-3,  25-4,  29-4,  37-30,  44-48,  52-16, 

60-6,  73-10,  80-4,  96-4  ;  R  5-157,  7-18. 

Fungicides  and  insecticides ; 

Ammoniacal  carbonate  of  copper, B  13-4,  1712,  21-4,  25-5, 

29-4,37-3!)  80-6. 

Arsenate   of  lead, B  24-3,  60-4.  76-7,  80-9, 

96-7;  Spe.  B.July, '97-13. 

Arsenate  of  lead  and  Bordeaux  mixture, R  11-104 

Arsenate  of  soda, , B  24-7 

Arsenite   of  lime, B  80-9,  96-6 

Bordeaux  mixture, B  11-20,  13-4,  17-12,21-3, 

25-4,  29-4,37-30,44-48,52-16,  60-6,  73-10,  80-4,  96-4  and  16 

Bordeaux  mixture  and  arsenate  of  lead, B  80-13,  96-9 

Bordeaux  mixture  and  arsenite  of  lime, B  80-13,  96-10 

Bordeaux  mixture  and  Paris  green, B  1 1-16,  80-13,  96-9 

Bordeaux  resin  mixture, B  80-5 

Bromin, B  69-32 

Carbolic  acid  emulsion, B  80-11,  96-9 

Carbon  bisulfid, B  69-32,  96-10 

Chlorin, B  69-32 

Copper  acetate, B  807 

Copper  carbonate, B  80-6 

Copper  sulfate  (Blue  vitriol), B  1 1-19,  13-4,  17-12, 

21-4,  25-5,  44-48,  52-17,  60-7,  80-7,  96-5. 

Corrosive  sublimate, B  25-11,  80-8,  96-5  ;  R  8-26 

Dry  Bordeaux  mixture, B  37-3 1 ,  44-48  ;  R  9-53 

Eau  cdleste, . .    B  80-6 

Formaldehyde, B  69-31  ;  R  10-49 

Formalin, B  80-8,  96-6 

Hellebore, B  S0-12,  96-9 


Hydrocyanic  gas, .' B  69-29,  90-10  ;  R  10-49 

Iron  sulfate  and  sulfuric  acid, B  80-7 

Ivory  soap, B  80-13,  96-10 

Jamestown  weed  [Datura  stramonitif/i), B  24-10 

Kerosene  emulsion, B  25-6,  29-5,  37-33, 

52-15,  60-5,  76-7,  80-10,  96-7  ;  Spe.  B.  July,  '97-12. 

Kerosene  emulsion,  mechanical B  60-5.  76-7.  80-10,  96-7 

"  Laundry  chips," B  76-7 

Lime  and  sulfur  mixture, 15  96-8 

Lime,  salt  and  sulfur, B  80- 1 1 ,  96-8 

"  New  process"  Paris  green, 1]  37-32.  38-1 1 

Paris  green,  B  25-6,  29-5,  37-32,60-4,  76-7,  80-9,  96-6  ;  Spe.  B.  July,  '97-13 

Paris  green  and  lime, B  24-9 

Potassium  permanganate, B  80-7 

Potassium  sulfid, B  80-7,  96-5 

Pyrethrum, B  80-12,  96-9 

Resin-lime  mixture, B  80-10,  96-7 

Saccharate  of  copper, B  80-6 

Sulfate  of  iron  (Copperas), B  13-4,  17-12 

Sulphur, B  2-34,  4-10,  69-32,  9610  ;  R  1-49 

Whale  oil  soap, B  80-10,  96-7 

Fungicides  and  insecticides,  caution  as  to B  13-10,  80-3,  96-3 

Experiments   with  B  17-1 1 

For  fruits  and  vegetables,  (See  Spraying  calendar) 

Methods  of  application, B  13-6 

Notice  to  experimenters, B  13-10 

On  fruits, B  11-12 

Preparation  and  mixing, B  13-9 

Fungi  roid, R  9-12  and  43 

Fungous  diseases  of  plants,- B  6-9 

Fungous  diseases,  protection  of  plants  from R  8-47 

Sterilization  of  soil  in  greenhouses  for R  14-74 

Fitsicladiiiui  de^idriticiini,  (See  Apple  scab) 


G 

Galactan,  digestibility  of R  17-78 

Distribution   of R  9-92 

Galeriicella  hiteola,  (See  Elm  leaf  beetle) 

Garbage  products,  city,  notes  on R  8-160,  10-125,  16-103 

Garden  crops,  compilation  of  analyses  of  (See  Analyses,  compilations) 

Different  nitrogen  fertilizers  compared  for  (See    Nitrogen   fertilizers 
compared) 
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Fertilizers  for  (See  Fertilizers  for  garden  crops) 

Sulfate   vs.   muriate   of  potash   for  (See  Potasli,  sulfate  and  muriate 
,  compared) 

Gartered  plume-moth  {Oxyptiliis pericedactyhis) 15  12-32 

Geranium,  a  disease   of  the R  10-67,  12-57 

Germination  of  seeds,  effect  of  atmospherical  electrical  potential  on.  R  16-33 

Influence  of  chemical  solutions  on  R  13-74 

Influence  of  soil  decoctions  on R  18-129 

Influence  of  sterilized  soil  on R  15-40,  18-126 

Glassware, inspection  of  dairy.  R  14-15,15-54,16-42,17-41,18-70:  Spe. B.July, '03-5 
Gloeosporiief/i  Jitglandis,  (See  Butternut  leaf  blight,  Walnut  leaf  blight) 
Gloeosporuim  nervisequiun,  (See  Oak  leaf  blight.  Sycamore  blight) 

Gluten  feeds,  analysis  of R  8-54 

Gluten  meal,  analysis  of R  8-55 

Chicago  vs.  Atlas R  8-65 

Chicago  vs.  King R  8-62 

Glycine  hispoda,  (See  Soy  beans) 

Golden  mayberry, B  52-1 2 

Gooseberry,  directions  for  spraying  (See  Spraying  calendar) 

Pruning, .  . .  B  66-17 

Report  on  varieties, B  37-18,  44-9,  52-8  ;  R  7-18  and  20 

Varieties  in  the  horticultural  department, B  4-2 1 

Gortyna  nitela,  (See  Stalk-borer) 
Gossyparia  lelmi,  (See  Elm  bark  louse) 

Graft  union,  the Tech.  B.  2-3 

Grain  aphodius  {Aphoduts graiiarius)^ B  1-3  ;   R  1-9 

Grain  mixtures  for  dairy  cows, B  39-19,  53-24, 

56-22,64-30,71-25,78-38,85-29,93-49,  ici-37,   108-47,112-53 

For  horses, B  99-15 

For  young  stock, B  108-48 

Grains,  how  to  purchase, R  8-80 

Grape,  black  rot  of  the  {Laestadia  Bidwellii), B  17-14 

Directions  for  spraying  (See  Spraying  calendar) 

Literature  relating  to  diseases  of R  17-32 

IMwdery  mildew  of  the  {Peronospora  viticolor), B  17-13 

Pruning, B  66-16 

Report   on  varieties, B  2-16,  1 1-22,  17-32,  21-12,  25-15,  37-10, 

44-4,52-6,66-7,73-7,82-24;   R  1-33,  5-157,  6-56,  7-19,  11-17 

Results  of  spraying, B  17-16 

Sulfate   vs.   muriate   of  potash   for  (See  Potash,  sulfate  and  muriate 
compared) 

Varieties  in  the  horticultural  department, B  4-20 

Grape  berry  moth  {Eudemis  doirana), B  12-28 

Grape  seedlings, R  10-71 

Grape  vine,  girdling, B  1-13,  7-4,  13-1 1,  17-37  ;    R  1-18 
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Grape  vine  caterpillar,  pyramidal  [Pyropht/a  pyramidoides), B  12-27 

Grape  vine  leaf  hoppers, B  2-3  ;  R  1-121 

Grapes,  amount  of  copper  on  sprayed B  i;-38 

Graphiola  Phanicis,  (See  Leaf  spot  of  palms) 

Grass,  cooperative  soil  tests  with  (See  Soil  tests  with  fertilizers) 

Grass  and  clover,  as  forage  crops, B  72-6 

Cooperative  soil  tests  with  (See  Soil  tests  with  fertilizers) 

Manure  alone  vs.  manure  and  potash  for R  lo-ii,  11-52,  12-21, 

14-14  and  42,  15-105  and  139,  18-17  ^"^  30. 

Results  of  experiments  with B  58-6 

"  Special  "  corn  fertilizer  vs.  fertilizer  richer  in  potash  for . .  . .  R  lo-i  2, 
n-54,  12-23,  14-14  and  43,  15-105  and  141,  18-16  and  29. 

Grass  collection, R  8-10 

Grass  garden, R  17-1 15 

Grass  land,  manures  vs.  fertilizers  for R  5-156,  6-12 

Manuring, R  8-145,  10-26,  1 1-76,  12-48,  13-122,14-14  and  46, 

15-106  and  144,  16-113  and  143,  17-118  and  145,  18-17  and  34 

Old  vs.  new  seeding, R  16-113  and  145 

Grass  thrips  {Anaphothrips  st7'iatd), B  67-3  ;  R  1 1-103,  12-ioc 

Grasses, R  9-35 

Mixed,  fertilizers  for B  58-1 1 

Report  on  varieties, ,  R  10-29 

Green  manuring  in  corn  culture, R  9-10  and  20 

Crimson  clover  for R  9-10  and  2 1 

Red  clover  for R  9-2 1 

Sweet  clover  for R  9-10  and  21 

White  mustard  for R  9-10  and  20 

Green  manuring,  relative  value  of  soy  beans  and  cow  peas  for  . . . .  R  13-119 

True  value  of  Spe.  B.  Jan.,  '94-3 

Greenhouse  aleyrodes  [Aleyrodes  vaporarionim)^. .  . .  R  13-87,  15-47,  17-1 13  ; 
Tech.  B.  1-12. 

Greenhouse  orthezia  {Orthezia  insigiiis), B  28-26 

Greenhouse  walls,  construction  of B  4-7 

Greenhouses,  glazing  experiment, B  4-9 

Heating, B  4-3,  6-3,  8-3,  15-3 

Ground  bone  vs.  phosphatic  slag  and  nitrate  of  soda  for  oats  and  corn,. . . . 
R  S-142. 

Guano,  Damara  land,  notes  on R  10-124 

Peruvian,  notes  on R  16-102 

Gymnosporangium  clavipcs,  (See  Quince  rust) 

Gypsy  moth  {Ocneria  dispar), B  7-18,  19-109 ;  R  4-5,  5-150.  12-101, 

14-S7,  15-46,  i6-[oS,  17-114,  18-151;    Spe.    B.  Nov.,  "89-3 
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H 

Haetnatobia  serrata,  (See  Horn  flj^ 

Hatch    Experiment   Station   and    Massaciiusetts   Agricultural  Experiment 

Station,  consolidation  of 1^  8-3 

Hatch  Experiment  Station,  organization,. R  1-3 

Hay,  (See  also  Cattle  feeds) 

Caps,  test  of B  i  i-io  ;  R  18-13  and  38,  9-12  and  45 

In  digestion  experiments, R  16-67  ^"^^  74'  '7-70 

Meadow  (swale) ♦ R  8-74 

Digestibility  of R  8-74 

How  to  feed, ' R  8-78 

Salt B  50-3  ;   R  8-74,  10-77,  1 1-42 

Analysis  of B  50-15 

Digestibility  of R  8-74 

Effect  of,  on  flavor  of  milk  and  butter, B  50-28 

Feeding  value  of B  50-3 

How  to  feed, R  8-77 

Milk  production  from B  50-19 

Yields   compared   on   "  Special  "   corn   fertilizer  vs.  fertilizer 

richer  in  potash, R  10-13,  ii"54)  "-23,  14-14  ^"d 

43,  15-105  and  141,  18-16  and  29. 
Yields  in  cooperative  soil  tests  (See  Soil  tests  with  fertilizers  for  grass) 

Yields  on  manure  alone  vs.  manure  and  potash, R  lo-i  i,  1 1-52, 

12-21,    13-11S,    14-14   and  42,  15-105  and  139,  18-17  and  30 
Yields  under  rotation  system  of  manuring,. ...  R   8-145,   10-26,    11-76, 
12-48,  13-122,  14-14  and  46,  15-106  and  144,  16-113  and  143, 
17-118  and  145,  18-17  and  34. 
Heliothis  armiger,  (See  Corn  worm) 
Hellebore,  (See  Fungicides  and  insecticides) 

Poisonous  doses  of   B  2-10 ;  R  1-27 

Helminthosporium  incoiispicuuin, R  16-10 

Hemp, B  18-99  ;  R  4-9,  5-152 

Hen  manure,  analysis  of   R  12-122 

Hill  vs.  drill  culture  for  corn, R  5-154,  6-10,  8-30,  9-10  and  19 

Hominy  meal,  or  chop,  in  digestion  experiments, R  16-73  ^"^  78,  17-74 

Vs.  corn  meal  for  growing  pigs, R  1 1-27 

Horn  fly  {Haematobia  serrata), B  24-1 1 

Horse  bean  ( Vicia  faba), R  8-37,  9-12  and  38 

Horses,  Blomo  feed  for R  17-88 

Digestion  experiments  with R  14-214,  18-246 

Nutrition  of B  99-1 1 

Rations  for B  99-15 


26 


Horticultural  division,  equipment  of R  8-4S 

Horticulturist,  report  of    ...R    1-13   and   28,   2-4,  3-7,  4-11,  5-156.    6-5,  7-16, 
8-47,  9-53,   10-71,    ii-ii,   12-96,15-26,    16-154,   17-157)    18-47 

Hungarian  grass,  compared  with  millet  as  a  fodder  crop, R  9-32 

Phosphates  for,  compared  on  basis  of  equal  phosphoric  acid,  R  13-105 
Hydrocyanic  gas,  (See  Fungicides  and  insecticides) 
Hyphantria  ctinea,  (See  Fall  web  worm) 


Idaho  field  or  coffee  pea  {Cic^  arietiiium), R  10-36 

Imported  elm  bark  louse  {Gossyparia  iiimi) B  28-23 

Imported  elm  leaf  beetle  (Galenicella  luteola), I>  36-3,  76-3  ; 

R  14-S7,  15-47,  16-107. 

Insect  trap,  Barnard's B  19-1 16 

Insecticides, B  13-5,  24-3, 

25-6,29-5,   37-3r,  44-47,  52-15,60-4.73-9,80-9,96-6;   R  7-18 

Analyses  of B  74-7,  109-14 

Compilations  of  analyses  of  (See  Analyses,  compilations) 

Poisonous  doses  of B  2-8 ;  R  1-26 

Insecticides  and  fungicides,  (See  also  Fungicides  and  insecticides) 

Combined, B  29-3,  37-30,  73-10,  80-13,  9^-9  J  R  5-'57)  6-7 

On  fruits, B  11-12 

Insects  and  fungous  diseases,  protection  of  crops  from R  8-47 

Iron  sulfate  and  sulfuric  acid,  (See  Fungicides  and  insecticides) 

Iris  pabnlaria, R  9-4 1 

Ivory  soap,  (See  Fungicide^  and  insecticide.s) 


J 

Jamestown  weed,  (See  Fungicides  and  insecticides) 

Japanese  crops, B  7-14 

Japanese  millets,  (See  Millets,  Japanese) 

Jumping  sumach  beetle  {BlepJiarida  rJiois), B  1-4  ,  R  i-io 

June  bug  {Lachnostertia  fusca), B  12-14,  22-9 


Kerosene  emulsion,  (See  Fungicides  and  insecticides) 

Kerosene  emulsion,  mechanical  (See  Fungicides  and  insecticides) 

Kerosene  for  the  plum  wart, B  i  i-iS 
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Laclinosterna  fusca,  (See  May  beetle) 

Laestadia  Bidwellii,  (See  Black  rot) 

Lambs,  Cleveland  flax  meal  vs.  old  process  linseed  meal  for R  1 1-24 

Feeding  experiment   with R  1 1-24 

Larder  or  bacon  beetle  {Dermestes  lardaritis), B  5-6 

Lathyrus  sylvestris,  (See  Flat  pea) 

"  Laundry  chips",  (See  Fungicides  and  insecticides) 

Law  for  protection  of  dairymen, R  14-156  ;  Spe.  B.  July,  '03-3 

Execution  of R  15-54,  16-41,  17-41,  18-70 

Law  regarding  feed  stuffs, B  53-11,  93-3,  ici-3,  108-4  ,  ^  '4-i54 

Leaf  blight  or  spot  : 

Of  begonia, R  9-68 

Of  butternut  {Glocosporium  Juglandis), R  10-69,  '  1-146 

Of  chestnut  {Septoria  ochroleicca), R  10-69 

Of  cucumber  {Colletotrichuni  lagenari»7/i), B  87-35  , 

R  9-71,  12-58,  14-63,  15-28. 

Of  decorative  plants, R  9-62 

Of  maple  {Rhylisma  acerimim  and  Phyllosticta  acericolor),  R  11-145, 
12-58. 

Of  oak  (Gloeosporiiitn  iierviseqii2iin), R  1 1-146 

Of  palms  {Graphiola  Phoenicis), R  9-67 

Of  rubber  plant  {Leptostrotnella  elaslica), R  9-66 

Of  strawberry, B  21-9,  22-9 

Of   sycamore   or  buttonwood  {Gloeospormm    tierviseqtnitn),  R  10-68, 
14-58,  15-27- 

Of  walnut  {Gloeosporium  Juglandis), R  1 1-146 

Of  wild  black  cherry  and  plum  {Septorla  cerasiiid),. .  B  17-13  ;  R  10-70 

Leaf  curl  of  peach  [Exoascus  deformans), R  1 1-146 

Leaf  hoppers,  grape  vine B  2-3  ;  R  1-2 1 

Leaf  spot,  spraying  linden  and  elm  trees  for R  15-35 

Leaf  spots,  treatment  of  greenhouse  plants  for B  96-12 

Legumes R  18-75 

As  nitrogen  gatherers,    R  8-1 12,  9-172,   10-19,   11-56,  12-32,  13-94,  15-104 
and  xro,  17-117  and  124;  Sp^. B.May, '90-32, Spe. B.  Jan. ,'94-5 

Effect  of,  upon  the  following  crop, R  17-117  and  124 

Field  pea, R  9-38 

Flat  pea, R  8-13  and  38,  9-12  and  36 

Horse  bean, R  9-38 

Nitragin  for R  9-177,  10-26,  11-63 

Nitro-cultures  for R  1877 

Observations  with R  9-182 
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• 

Scarlet  clover, R  6-i  i 

Soy  beans, R  6-12,  7-14 

Sweet  clover, R  9-36,  10-34,  1 1-61 

White  mustard, R  6-10,  7-1 1,  8-31 

Leptostrotnella  eiasitca,  (See  Leaf  spot  of  rubber  plant) 

Lettuce,  different  nitrogen  fertilizers  compared  for R  1 1-69,  12-38 

"  Drop  "of B  69-12  ;  R  979,  10-55,  '  i^MQ 

Methods  of  controlling,. B  69-17 

Effect  of  electricity  on  growth  of B  16-6,  23-8  ;  R  16-22 

Effect  of  soil  aeration  on R  18-124 

Effect  of  soil  sterilization  on R  14-76,  17-10 

Fertilizers  for R  1 1-69,  1 2-38 

Greenhous», B  69-3 

Diseases  of B  69-5 

Fertilizers  for B  10-4 

Literature  relating  to  diseases  of R  17-32 

Mildew  of  {Pe7-ofiosporagangliforj?ns),  B  4-1 1,  69-16 

Report  on  varieties, B  7-10,  44-37 

Seed  selection, : R  18-135 

Seed  tests, B  44-31 

Sulfate  vs.  muriate  of  potash  for R  1 1-69,  12-38 

Summary  of  yield  of R  8-140 

Top  burn  of R  9-82 

Le7icania  loiipiaicta,  (See  Army  worm) 

Leucin  solutions,  influence  of,  upon  germination  of  seeds, R  13-79 

Lice,  plant  (Aphides), •  R  10-103,  17-1 13 

Treatment  01  greenhouse  plants  for B  96-12 

Lily,  literature  relating  to  diseases  of R  17-32 

Lime,  effect  on  yield  of  onions  in  cooperative  soil  tests, R  14-39 

Lime,  effect  on  yield  of  potatoes  in  cooperative  soil  tests,. . .  R  15-135 

Favorable  effect  on  corn  after  muriate  of  potash, R  12-14 

For  prevention  of  potato  rot, B  1 1-8 

Lime  and  sulfur  mixture,  (See  Fungicides  and  insecticides) 

Lime  ashes,  analysis  of  (See  Analyses,  ashes) 

Notes  on R  i6-io[,  17-107,  18-64 

Lime  resources  of  soil,  action  of  muriate  of  potash  on B  3S-14 

Lime,  salt  and  sulfur,  (See  Fungicides  and  insecticides) 

Linden,  spraying  for  leaf  spot, R  15-35 

Linseed  oil,  effect  of,  on  butter, R  13-23 

Effect  of,  on  butter  fat, R  13-21 

Literature  relating  to  plant  diseases, R  17-31 

Logan  berry, B  52-12  ;  R  11-19 

London  purple,  poisonous  doses  of B  2-10  ;  R  1-27 
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Maggots,  onion  and  cabbage R  16-107 

Root    R  17-113 

Maize,  yellow  millo '■ R  8-37 

Malt  sprouts, B  94-21 

In  digestion  experiments, R  16-72  and  77 

"  Mammoth  spring  "  rye, R  5-152 

Mjyiure  alone  vs.  manure  and  potash  : 

For  corn, B  iS-88  ;  R  4-10,  5-154,  6-10,7-9,8-12  and  28,  9-16,' 

12-21,  13-116,  14-14  and  42,  15-105  and  139,  17-118  and  143 

For  grass  and  clover, R  lo-ii,  11-52, 

12-21,  14-14  and  42,  15-105  and  139,  18-17  ^n<^  3°- 
Manure,  barnyard  (See  Barnyard  manure) 

Effect  of,  on  yield  of  corn, R  15-132 

Hen, R  12-122 

Liquid,  for  plants  under  glass, B  2-31  ;  R  1-47 

Winter  vs.  spring  application  of 

For  corn, R  14-15  and  48, 

15-106  and  145,  17-1 19  and  147,  18-17  ^"d  32. 

For  millet, R  14-15  and  48 

For  soy  beans, R  16-113  and  147,  17-119  and  147 

Manures,  commercial  (See  Fertilizers,  commercial) 

Manures  vs.  fertilizers  for  grass  land, R  5-156,  6-12 

Manurial  requirements  of  crops, B  58-3 

Manurial  substances,  analysis  of B  30-2,  31-2,32-2,  34-3?  38-8, 

40-3,  42-3,  45-9,  48-3,  49-3,  51-3,  54-3,  57-3,  59-3.62-3,  63-3, 
65-3.  68-3,  70-3,  74-3,  75-3,  77-3,  81-3,  83-3,  84-3,^89-3,  90-3, 
92-3,  95-3,  100-3,  102-3,  103-3,  104-3,  107-3.  109-3.  "1-3.  1 13-3 

Manuring  grass  lands, R  8-145,  10-26,  11-76,  12-48,  13-122,  14-14  and  46, 

15-106  and  144,  16-113  and  143,  17-118  and  145,  18-17  and  34 

Manuring,  green,  true  value  of Spe.  B.  Jan. ,  '94-5 

Manuring,  phosphoric  acid Spe.  B.  May,  '90-22 

Manuring  with  nitrogen, Spe.B.  May,  '90-32 

Manuring  with  potash  salts Spe.  B.  May,  '90-30 

Maple,  black  spot  of  {Rhytisma  acerinuvt), R  1 1-145 

Maple  leaf  blight  {Phyllosticta  acericolor), R  12-58 

Maple  leaves,  wilt  of R  9-81 

Maple  pseudococcus  [Pseiidococcus  aceris)^ B  36-8 

Marguerite  fly, R  13-87 

Market  milk, B  11 0-3  ;  R  18-74 

Massachusetts  Agricultural  Experiment  Station   and  Hatch   Experi- 
ment Station,  consolidation  of R  8-3 
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May  beetle  {LacJuiosterjia fiisca), B  12-14,  22-9 

May  berry, R  11-18 

Meadow  (swale)  hay, R  8-74 

Digestibility  of R  8-74 

How  to  feed, R  8-78 

Meat  meal,  dried,  vs.  cut  fresh  bone  for  hens, R  8-42 

Melainpsora  -popjilina,  (See  Poplar  rust) 
Melilotus  alba,  (See  Clover,  sweet) 

Melon,  literature  relating  to  diseases  of R  17-32 

Melon  blight, R  17-8,  18-116 

Melon  diseases,   R  14-62,  15-28,  18-1 16 

Spraying  for R  14-66 

Treatment  for R  14-65 

Melons,  seed  tests, B  44-31 

Meteorological  observations,  summary  1888-1898, R  12-75 

Meteorologist,  report  of R  2-6,  3-8,  4-7,  5-158,  6-8,  7-23,  8-51,  9-50, 

10-45,  "-9.  12-74,  13-89,  14-89,  15-43,  16-7,    17-35,  18-13 

Meteorology, B  1-16 

Micrococcus  aiiiyloviriis,  (See  Fire  blight) 

Mildews  and  leaf  spots,  treatment  of  greenhouse  crops  for B  96-12 

Milk,  albuminoids, B  i  ic-5 

Ash, B  1 10-5 

Average  composition  of ^ B  39-20 ;  R  8-60 

Care  and  handling  of B  1 10-13 

Care  of B  1 10-45 

Character,  composition  and  food  value  of B  110-4 

Chemical  composition  of B  110-6 

Common  forms  of  bacteria  in B  1 10-26 

Composition  of,  effect  of  fat  on R  13-16 

Effect  of  feed  on B  39-20  ;  R  13-14,  14-162,  16-45 

Effect  of  narrow  and  wide  rations  on R  9-100 

Effect  of  protein  on R  13-16 

Cost  of  production  and  distribution, • B  1 10-14 

Effect  of  brewers'  grains  on  flavor  and  keeping  quality  of  ....  B  94-19 
Effect  of  different  amounts  of  protein  upon  cost  and  quality  of  R  11-42 
Effect  of  distillers'  grains  on  flavor  and  keeping  quality  of. .  .  .B  94-10 
Effect  of  narrow  and  wide  rations  on  composition,  cost  and  quantity 

of   R  9-100 

Fat, B  1 10-5 

Food  value  of  B  1 10-7 

From  tuberculous  cows,  danger  in  using, B  8-13 

Ingredients  of B  1 10-4 

Instructions  for  sending, R  8-61 

Market,  acidity  of   B  1 10-16 

Bacteriological  analysis  of  B  1 10-26 
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Chemical  analysis  of 13  i 

Chemical  and  bacteriological  composition  of B  i 

Common  method  of  producing, B  i 

Discussion  of  results  of  examination  of B  i 

Duties  of  consumer  of B  i 

Duties  of  producer  of B  i 

Its  production  and  composition, R 

Suggestions  to  producer  and  consumer, B  i 

Meaning  of  bacteria  in B  i 

Number  of  bacteria  in   B  i 

Of  cows  in  college  herd,  analyses  of R 

Production,  conclusions  concerning  methods  of   B  i 

Water  supply  in  B  i 

Properties  of  B 

Pure  and  impure  B 

Standard,  Massachusetts  R 

Sugar, B 

Trade,  demands   of B  i 

Millet,  African   R 

Millet,  as  a  forage  crop, R  i, 

As  a  grain  crop, R 

As  a  hay  crop, R  8-32, 

As  a  soiling  crop, R 

Chai-acter  of   R 

Compared  with  corn  as  a  grain  crop, B  18-93,  ^^ 

Composition,  digestibility  and  feeding  value  of R 

Digestibility  of R 

For  fodder  and  silage, R  8-32,  9-32, 

For  seed, R  8-31,  9-32, 

Green,  composition  of   R 

Japanese  {Fanicjitn  crus-galli,  P.  italicuvt,  P.  miliaceian) B  7-15, 

18-98;  R  3-4,  4-8,  5-151,  6-12,  7-12,  8-13  and  31,  9-1 1  and  32 
and  35,  10-31  and  32,  14-55. 

Pearl,  under  new  names, R  14-55 

Soil  tests  with  fertilizers,  cooperative  R  4-1 1 ,  7-1 2 

"  Special  "  corn  fertilizer  vs.  fertilizer  richer  in  potash  for . .  . .  B  18-92  ; 
R  5-154,  12-25. 

Under  false  names, R  g-42 

Utility  of    R  13-41 

Variety  tests, R  8-33,  9-33  and  35,  ic-31 

Winter  vs.  spring  application  of  manure  for R  14-15  and  48 

Yield  per  acre, R  13-41 

Millet  and  peas  as  forage  crops, B  72-7 

Millet  silage,  analysis  of   R  7-13 

Miiieola  vaccittii,  (See  Fruit  worm) 
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Molasses  and  molasses  feeds, B  108-45  '■>  ^^  18-77 

Molasses  beet  pulp,  dried B  99-3 

In  digestion  experiments, R  17-72 

Monilia  frtictigena,  (See  Brown  fruit  rot) 

Morning  vs.  evening  mash  for  egg  production, R  13-123 

Mowings,  fertilizers  for B  58-1 1 

Seed  for R  16-145 

Mummy  field  peas, R  S-38 

Muriate  of  potash,  action  of,  on  lime  resources  of  soil B  38-14 

Muriate  vs.  sulfate  of  potash,  (See  Potash,  sulfate  and  muriate  compared) 

Musk  berry, B  52-12 

Muskmelon  diseases, R  11-147,  12-58,  15-31 

M  ustard,  white R  4-9 

Results  of  experiments  with B  58-8 

Mycorhiza,  (See  Fungi,  beneficial) 


N 

Narrow  vs.  wide  ration  for  egg  production, R  1 1-93,  12-49 

Nectarine,  directions  for  spraying  (See  Spraying  calendar) 

Nematodes  (Eel  worms), B  55-5  ;  R  8-8,  13-72 

Treatment  for B  55-32,  96-12 

Ahphelodes  iiiiiiians,  (See  Cutworm) 

Neurotoma  riijipes,  (See  Saw  fly) 

"  New  process  "  Paris  green,  (See  Fungicides  and  insecticides) 

Nitragin, R  9-177,  10-26,  11-63 

Nitrate  of  soda  as  a  source  of  nitrogen, (See  Nitrogen  fertilizers  compared) 
Nitrate  of  soda  for  rowen, . . .  R  13-120,  14-47,  15-106  and  147,  17-1 19  and  149, 
18-17  ^ncl  35- 

Nitrate  of  sodium,  poisoning  of  cattle  with B  27-39 

Nitro-cultures  for  legumes, R  18-77 

Nitrogen,  dried  blood  and  leather  refuse  as  sources  of R  1 1-123 

Effect  of,  on  yield  of  corn, R  15-130 

Manuring  with Spe.    B.    May,  '90-32 

Nitrogen  fertilizers  compared,  different  .  .R  10-21  and  23,  11-56  and  65,  1232 
and  35,  13-93  and  98,  14-12  and  13  and  15  and  20,  15-103 
and  104  and  107  and  118,  16-111  and  114  and  123,  17-116 
and  120,  18-16  and  18  and  19  and  39. 

For  asparagus, R  18-40 

Beets, R  10-25,  ' i"70>  12-39,  16-127,  '8-40 

Cabbage, R  1 1-72,  12-39,  '^-39 

Celery, R  10-25.  '  '-75'  12-37,  16-128,  18-40 

Clover, R  1 2-33 

Cucumbers, R  16-127 
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Dandelions, R  16-126 

Garden  crops, R  13-98,  14-13  and  20,  15-118,  16-125 

Lettuce, R  1 1-69, 12-38,  18-40 

Oats, R  11-57,  18-20 

Onions R  12-39,  18-39 

Peas, R  10-24,  16-126,  18-20  and  39 

Potatoes, R  1 1-73,  15-103  and  108,  17-120 

Rhubarb, R  18-40 

Soy  beans, R  14-12  and  16,  16-1 1 1  and  1 14 

Spinach, R  1 1-69,  12-38,  18-39 

Squashes, R  10-25,  12-40,  18-40 

Strawberries, R  11-69,  12-36, 16-126,  18-39 

Tomatoes, R  1 1-71,  16-127,  18-40 

Turnips, R  1 1-75,  16-128,  18-40 

Nitrogen  fertilizers,  relative  standing  of R  13-99,  14-21    and   22,    15-107 

and  no,  16-117  and  118,  17-122  and  123,  18-21  and  22  and 
39  and  40. 

Relative  value  of R  8-136,  9-200,  11-67,  12-36,  18-41 

Nitrogen  gatherers,  legumes  as R  8-1 12, 9-172, 1019,  1 1-56,  12-32, 

13-94,  15-104  and  no,  17-117  and  124  ;  Spe.  B.  May,  '90-32 

Nitrogen  in  soil  tests, R  14-36 

Nursery  stock,  directions  for  spraying  (See  Spraying  calendar) 

Nutrition,  animal,  experiments  in R  17-45 

Nutrition,  principles  of B  39-3 

Nutrition  of  horses, B  99-1 1 


Oak  leaf  blight  {Gioeosporiu7n  nerviseqiium), R  1 1-146,  14-57 

Oat  feed  vs.  corn  meal  for  pigs, R  9-131 

Oat  feeds,  analyses  of R  8-54 

Oats, B  18-97  ;  R  9-39 

Black  Tartarian R  4.9 

Cooperative  soil  tests  with  (See  Soil  tests  with  fertilizers) 

Different  phosphates  compared  for R  14-26 

Early  race-horse R  4-9 

Fertilizers  for B  58-10 

Phosphates  compared  on  basis  of  equal  phosphoric  acid  for  R  13-105 

Phosphatic  slag  and  nitrate  of  soda  vs.  ground  bone  for R  8-142 

Results  of  experiments  with B  58-6 

Variety  tests, B  1 1-9 

Oats  and  peas  as  forage  crops, B  72-7 

Ochneria  dispar,  (See  Gypsy  moth) 

Oedemasia  conciniia,  (See  Red-humped  apple  tree  caterpillar) 

Onion  maggot  {Phorbia  ceparum), B  12-17 

Onions,  cooperative  soil  tests  with R  1 1-47,  12-16,  13-108,  14-14  and  39 

Fertilizers  for R  8-137, 9-198,  12-39,  '3-' 1 3 
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Grown  under  the  influence  of  electricity, B  23-1 1 

Phosphates  compared  on  basis  of  equal  phosphoric  acid  for. .  R  14-2S, 
15-105  and  126. 

Report  on  varieties, B  44-41 

Seed  selection, R  18-135 

Seed  tests, B  44-32 

Summary  of  yield  of R  8-141 

Oranges,  lemons,  etc.,  literature  relating  to  diseases  of R  17-32 

Orchard  management, B  82-3 

Orchard  treatment  for  San  Jose  scale, B  86-3 

Orchards,  cover  crops  for B  82-9 

Pruning, B  82-14 

Oriental  moth  {Cnidocampaflavescens)  in  Massachusetts,  a  new. . .  .B  114-3 

Orthezia  ifisignis,  (See  Greenhouse  orthezia) 

Oxyptihis  pericelidactyhis^  (See  Gartered  plume  moth) 

Oyster  shell  scale, R  17-1 12 

P 

Paleacrita  vernata,  (See  Canker  worm,  spring) 

Palms,  leaf  spot  of  {Graphiola  Phoenicis) R  9-67 

Panicum  crus-galli,P.italicu7n^  P.  7?iiliacenm,  (See  Millet,  Japanese) 

Pansies,  fertilizers  for B  10-6 

Pansy  disease,  a  new R  1 1-152 

Paria  aterruna^  (See  Strawberry  flea) 

Paris  green,  analysis  of B  38-1 1 ,  74-7,  81-7,  109-14 

For  cranberry  insects, B  19-139 

"  New  Process"  (See  Fungicides  and  insecticides) 

On  apple  trees, B  19-1 18 

On  tent  caterpillars, B  19-121 

Poisonous  doses  of B  2-9  ;  R  1-27 

Paris  green  and  lime,  (See  Fungicides  and  insecticides) 

Parsnips,  grown  under  the  influence  of  electricity, B  23-7 

Report  on  varieties, B  44-22 

Seed  tests, B  44-33 

Parsons'  "  Six  dollar  "  feed, R  13-53 

Pathogenic  fungi, , R  11-145 

Pea,  field R  6-12,  7-14,  9-38 

Flat R  7-15,  8-38,  9-12  and  36 

Idaho  field  or  coffee  {Cicer  arietinii//i) R  10-36 

Mummy R  7-14,  8-38 

Pea  seed,  Canadian  field,  effect  of  asparagin  solutions  on  germination   of 

l"i  13-77- 

Pea  vine  louse, :    R  13-87 

Pea  weevil  {Brtichus  pisi), .' B  12-13 

Peach,  attack  of  plum  curculio, B  10-8 

Directions  for  spraying  (See  Spraying  calendar) 
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Fertilizers  for B  66-1 1 

Literature  relating  to  diseases  of R  17-33 

Pruning, B  66-16  ;  R  17-162 

Report  on  varieties, B  2-14,  17-34,  66-5,  73-5  ;  R  1-31, 

5-157,  6-6,  7-17  and  19,  11-13. 

Varieties  in  the  horticultural  department, B  4-19 

Peach  buds,  winter  killing,. B  1-9,  10-7  and  8,  17-34,  21-18,  25-18,  37-5  ;  R  1-15 

Peach  leaf  curl  [Exoascus  deformans)^ R  1 1-146,  15-27 

Peach  trees,  pruning, R  17-162,  18-47 

Results  of  spraying, B  17-16,  21-18,  25-13,  73-11 

Peach  yellows, B  8  6 

Pear,  directions  for  spraying  (See  Spraying  calendar) 

Literature  relating  to  diseases  of R  17-33 

Report  on B  37-5 

Report  on  varieties, B  2-13,  52-4,66-5  ;  R  1-31,5-156,  6-6,  7-19,  11-13 

Results  of  spraying, B  1 1-12,  17-15,  25-13 

Varieties  in  the  horticultural  department, B  4-18 

Pear  leaf  blight  {Entomosporium  macnlatitf/t), B  17-12 

Pear  tree  psylla  {Psylla  pyrl), B  17-24 

Peas,  cow,  vs.  soy  beans  for  green  manuring, R  13-119 

Different  nitrogen  fertilizers  compared  for R  10-24,16-126 

Effect  of  different  fertilizers  on  time  of  maturing, B  2-27  ;  R  1-44 

Fertilizers  for R  10-24,  14-13  and  20,  16-1 12  and  122  and  126 

Grown  under  the  influence  of  electricity, B  23-12 

Seed  tests, B  44-33 

Peas  and  barley  as  forage  crops, B  72-9 

Peas  and  barnyard  millet  as  forage  crops,. B  72-7 

Peas  and  oats  as  forage  crops, B  72-7 

Pentosans,  the R  15-69 

Phloroglucin  method  of  estimation  of R  9-97 

Pepsin  solutions,  influence  of,  upon  germination  of  seeds, R  13-80 

Peronospora  ganglifo7-mis,  (See  Lettuce  mildew) 
Pero?iospora  viticolor,  (See  Grape,  powdery  mildew  of) 

Peruvian  guano,  analysis  of  ... .    R  16-102 

Phaseohis  radiatus,  (See  Beans,  Adzuki) 
Phaseolus  vulgaris^  (See  Beans,  kidney) 

Phloroglucin  method  for  estimation  of  pentosans, R  9-97 

Pliorhia  cepariun,  (See  Onion  maggot) 

Phosphates  compared  on  basis  of  equal  phosphoric  acid, R  13-105, 

14-13  and  28,  15-105  and  125,  16-112  and  135,  17-1 17  and  131 

For  cabbage, , R  16-136 

For  corn  (field), R  17-132 

For  Hungarian  grass, R  13-105 

For  oats, R  13-105 

For  onions, R  14-28,  15-126 

Phosphates,  experiments  with  native R  17-107 

Phosphates,  natural,  compared   with  each   other   and  with  acid  phosphate, 
R  8-128,  9-190,  10-14,  13-101,  14-24. 
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Phosphates,  relative  value  of  different  . .  .R  8-128,  9-190,  10-14  ^nd  16,  13-101, 
14-13  and  24. 

For  barley, R  8-131,  9-192 

For  cabbages, R  13-102,  14-27 

For  corn, R  10-16 

For  oats, R  14-26 

For  rye, R  8-13 1,  9-192 

For  soy  beans, R  9-193 

For  turnips  (Swedes), R  10-15 

Phosphatic  slag, R  9-218 

Analyses  of R  13-68,  17-108 

As  a  source  of  phosphoric  acid, R  13-68 

Notes  on R  17-107 

Phosphatic  slag  and  nitrate  of  soda  vs.  ground  bone  for  oats  and  corn, 
R  8-142. 

Phosphoric  acid,  determination  of   available,  in  soils  under  cultivation, 
R  1 1-127. 

Effect  of,  on  yield  of  corn, R  15-131 

In  cooperative  soil  tests, R  14-36 

Phosphoric  acid  manuring, Spe.  B.  May,  '90-22 

Phosphoric  acid,  potassium  oxide  and  nitrogen  in  fruits, R  g-246 

Phylloectisflaviventris,  (See  Currant  stem  girdler) 

Phyllosticta  acericolor,  (See  Maple  leaf  blight) 

Phyllosticta  sphoeropsoidea, R  16-10 

Physiological  disorders  of  shade  trees, R  1 1-153 

Phytonotnus  nigrirostris,  (See  Clover  head  beetle) 

PJiytopJitliora  infestatis,  (See  Potato  blight  and  Downy  mildew  of  tomato) 

Pier-is  rapae^  (See  Cabbage  butterfly) 

Pigs,  feeding  experiments  with R  g-126,  10-77,  i  ^'~1 

Rations  for  growing R  11-41 

Wheat  vs.  rye  meal  for R  8-71 

Pilobohis  crystallinus,  (See  Rose,  black  spot  of) 

Pitchy  carpet  beetle  {Atfage?ius  picens), B  5-6 

Plant  bed  cloth,  a  substitute  for  glass, B  1-8 ;  R  1-13 

Plant  diseases,  nature  of R  9-57 

Plant  lice  (Aphides), R  10-103,  16-107,  i?"'  13 

On  rose  bushes, B  19-1 19 

Treatment  of  greenhouse  plants  for B  96-12 

Plants,  ash  analyses  of B  89-8 

Fungous  diseases  of B  6-9 

Number  of  varieties  tested, R  8-50 

Over-feeding  of R  1 1-154 

Plasmopara  citbettsis,  (See  Downy  mildew) 

PlowrigJitia  morbosa,  (See  Plum  wart) 

Plum,  directions  for  spraying  (See  Spraying  calendar) 

Literature  relating  to  diseases  of R  17-33 

I'runing, B  66-16 
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Pruning,  summer  vs.  winter B  52-5 

Report  on  varieties,  ....  B  2-15,  37-6,  52-4,  66-5,  73-6  ;  R  1-32,  5-157,6-6, 
7-17  and  19,  11-14,  17-157- 

Results  of  spraying, B  1 1-18,  17-16,  21-19,  25-14,  37-8,  73-1 1 

Varieties  in  the  horticultural  department, B  4-19 

Plum  curculio  {Conotrachclus  nenuphar), B  12-16  ;  R  16-108 

Plum  leaf  blight  {Scpto7'ia  cerasina), B  17-13 

Plum  pockets  {Exoascns  Pruni), R  1 1-147 

Plum  wart  (black  knot)  {P loivrightia  {Sphoeria)  morbosa),  B  4-15,  6-15,  17-14 

Results  of  spraying  for B  17-15,  37-8,  52-5 

Treatment  for B  11-18  and  19 

Plum  yellows, R  15-35 

Plums,  marketing R  17-161 

Plutella  cruciferanim,  (Sae  Cabbage  leaf  miner) 

Ponds,  copper  sulfate  treatment  of R  18-143 

Poplar  rust  {Melampsora  popiilina), B  2 1-22,  25-1 1  ;  R  7-20 

Results  of  spraying  for B  21-22,  25-12 

Pork  production,  cost  of R  1 1-36 

Portuhua  oleracea,  (See  Purslane) 

Potash,  effect  of,  on  yield  of  corn, R  15-132 

Effect  of,  on  yield  of  potatoes, R  15-138 

Muriate  of,  action  on  lime  resources  of  the  soil,. . . .  B  38-14  ;  R  9-220 
Muriate  of,  effect  of,  on  sulphate  of  ammonium  in  mixed  fer- 
tilizers,   R  9-222. 

Potash,  sulfate  and  muriate  compared, R  5-155,  6-1 1,  8-19,  9-31,  10-22  and 

23,  11-56  and  65,  12-25  and  35,  13-96  and  100,  14-12  and  13 
and  17  and  23,  15-104  and  113  and  120,  16-119  and  129,  17- 
117  and  125,  18-16  and  18  and  23  and  41. 

For  asparagus, R  18-16  and  23 

For  beets, R  10-25,  "■7o>  12-39 

For  blackberries, R  18-16  and  23 

For  cabbages, R  11-72,  12-28  and  39,  14-12  and  19,  15-104  and  114, 

17-127. 

For  celery, R  10-25,  ""75)  12-37,  15-104  and  120,  18-16  and  23 

For  clover, R  9-31,  10-34,  11-59,  14-12  and  18,  18-16  and  23 

For  corn  (field), R  10-22,  1 1-61,  12-27 

For  corn  (sweet), R  12-26 

For  garden  crops,  .R  11-65,  i3"ioO)  I4"i3  ^"^^  23,  15-104  and  120,  16-129 

For  grapes, B  13-12 

For  lettuce, R  1 1-69, 12-38 

For  onions, R  12-39,  15-104  and  117 

For  peas, R  10-24 

For  potatoes,. .  R  5-155,  6-11,  8-19,  11-73,  15-104  and  115,  16-112  and  121 

For  raspberries, R  18-16  and  23 

For  rhubarb,  R  17-117  and  127,  18-16  and  23 

For  soy  beans, R  12-28,  16-112  and  120,  18-16  and  23 

For  spinach, R  1 1-69,  12-38 
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For  squashes, R  10-25,  12-40,  15-104  and  120 

For  strawberries, R  1 1-69,  12-36,  15-104  and  120 

For  sugar  beets, R  12-26 

For  timothy  and  clover, R  15-104  and  114 

For  tomatoes, R  11-71,  15-104  and  120 

For  turnips, R  1 1-75 

Potash  salts  compared  for  field  crops,.  .R  12-29,  14- '3  and  30,  15-104  and  121, 
16-112  and  132,  17-117  and  128,  18-16  and  24. 

For  cabbages, R  17-1 17  and  129 

For  clover, R  15-104  and  121,  16-1 12  and  132 

For  corn, R  14-31,  17-117  and  130 

For  potatoes, R  1 2-29 

For  soy  beans, R  12-29,  ^8-16  and  24 

For  wheat, R  14-13  and  30 

Potash  salts,  manuring  with Spa.  15.  May,  '90-30 

Potash  with  manure  for  corn, B  18-87 

Potassium  permanganate,  (See  Fungicides  and  insecticides) 
Potassium  sulfid,  (See  Fungicides  and  insecticides) 

Potato,  cooperative  soil  tests  with B  18-51;  1^5-153,10-10,  15-105  and  133 

Different  nitrogen  fertilizers  compared  for R  1 1-73,  15-103  and 

108, 17-120. 

Different  potash  salts  compared  for R  12-29 

Directions  for  spraying  (See  Spraying  calendar) 

Drill  vs.  broadcast  application  of  fertilizers  for R  8-19 

Effect  of  different  fertilizers  on  time  of  maturing, B  2-29  ;  R  1-45 

Effect  of  nitrogen  on  yield  of R  15-138 

Effect  of  phosphoric  acid  on  yield  of : R  15-138 

Effect  of  potash  on  yield  of R  15-138 

Experiments  with R  8-19 

Fertilizers  for R  1 1-73 

Fertilizers  used  in  experiments  with R  8-21  and  28 

Identical  varieties  under  different  names, R  11-81 

Individual  variations  of  same  variety, R  11-83 

Literature  relating  to  diseases  of R  17-33 

Report  on  varieties,. ..  .B  4-17,  7-1 1  ;  R  8-27,  9-10  and  21,  10-28,  n-77, 
12-40,  15-106  and  149,  17-119  and  151. 

Results  of  spraying, B  17-17,  21-21 

Seed  from  different  localities,  comparison  of R  1 1-81 

Seed,  Maine  vs.  home  grown •  • R  8-25 

Sulfate   vs.   muriate  of  potash   for   (See  Potash,  sulfate  and  muriate 
compared) 

Potato  blight  {Phytophthora  infestans), B  6-17,  17-14 ;  R  1528,  1S-116 

Potato  blight  and  rot,  results  of  spraying  for B  21-21  ;   R  17-7 

Potato  crop  (1897)  causes  of  failure  of R  10-52 

Potato  rot  [Phytophthora  infestans), R  18-1 16 

Potato  scab, R  9-44 

Corrosive  sublimate  for B  25-1 1 

Sulphur  for R  9-44 
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Potato  stem  rot, R  16-10 

Potatoes,  composition  as  affected  by  fertilizers, B  18-94 

Treatment  witli  lime  for  prevention  of  rot, B  u-8 

Poultry,  digestion  experiments  with R  14-215,  18-246 

Poultry  experiments, ...  R  7-16,  8-14  and  40,  9-46,  10-37,  "-Ss,  12-49,  I3"i23,i5- 

107  and  153,  16-113  and  150,  17-119  and  153,  18-18  and  43 

Animal  meal  vs.  cut  bone  for  egg  production,.  R 8-42,  9-48,  10-41,  11-90 

Beef  scraps  compared  with  milk  albumin  for  egg  production,  R  15-153 

Clover  rowen  vs.  cabbage  for  egg  production, R  10-42 

Composition  of  air-dry  foods  used  in  experiments, R  9-47 

Corn  compared  with  buckwheat  for  egg  production,.  R  15-107  and  154 
Corn  compared  with  wheat  for  egg  production, .  .R  15-107  and  153,  16- 

113  and  150,  17-119  and  153,  18-18  and  43. 
Effect  of  condition  powders  on  egg  production, . .  . .  R  9-46,  10-38,  1 1-88 

Influence  of  cock  on  egg  production, R  1 1-98 

Morning  vs.  evening  mash  for  egg  production, R  13-123 

Narrow  vs.  wide  ration  for  egg  production, R  1 1-93,  1 2-49 

Rice  compared  with  wheat  for  egg  production, R  16-150,  17-120  and  155 

Vegetable  vs.  animal  food  for  hens, R  8-40 

Poultry  feeds,  analyses  of B  53-22,  56-21,64-28,  71-20,  78-30,  85-16,  93-34, 

9S-22,  101-27,  108-26,  112-26. 
Discussion  of  results  of  analysis,. .  .  .B  71-23,  78-34,  S5-22,  93-43,  98-32, 
loi-i  I,  108-43,  1 12-45. 

Poultry  foods,  condimental B  71-27,  85-29,  106-3 

Analyses  of , ; B  71-30,  106-8 

Brands  and  manufacturers  of B  71-32 

Results  of  inspection, B  71-33,  106-12 

Resume  of  experiments  with B  106-18 

Powdery  mildew  of  the  grape  {Peronospora  viticolor)^ B  17-13 

Pratt's  food  vs.  corn  meal  and  wheat  middlings, B  106-20 

Protein  and  fat  guarantee, B  78-40,  108-5 

Protein,  cost  of  digestible B  101-36 

Effect  of   different  amounts  upon  cost  and  quality  of  milk,. .  .R  11-42 

Effect  of,  on  composition  of   milk, R  13-16 

Home  grown B  112-50 

Protein  problem,  the B  78-39 

Protein  standards  of  concentrates,  (See  Concentrates) 

Pruning  fruit  trees B  66-14,  82-14  ;  R  18-47 

Pseiidococats  aceris,  (See  Maple  pseudococcus) 

Psylla  pyri,  (See  Pear  tree  psylla) 

Puccitiia  Tanaceti,  (See  Chrysanthemum  rust) 

Purslane  [Porfulaca  oleracea  ),  composition  of  R  13-52 

Pyralidae, R  12-102 

Pyramidal  grape-vine  caterpillar  {Pyrophila  pyra/nidoides), B  12-27 

Pyrethrum,  (See  Fungicides  and  insecticides) 

Pyrophila pyraDiidoides,  (See  Pyramidal  grape-vine  caterpillar) 
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Quince,  directions  for  spraying  (See  Spraying  calendar) 

Literature  relating  to  diseases  of R  17-34 

Notes  on R  16-170 

Report  on  varieties, R  5-157,  6-6,  7-19,  16-172 

Quince  rust  [Gymiiosporangiuin  clavipes), R  10-61 


Rabies  among  cattle,  an  outbreak  of B  27-23 

Radish,  effect  of  electricity  on  growth  of B  23-1 1  ;  R  16-16 

Report  on  varieties, B  44-37 

Seed  tests, B  44-34 

White  Japanese R  5-152 

Rape  seed,  effect  of  asparagin  solutions  on  germination  of R  13-76 

Raspberry,  Black  cap,  report  on  varieties,B  2-23,  7-4,  10-12,  15-16,21-11,  22-11, 
26-12,37-16,  44-13,  52-11,  66-8;  R  1-39)  5-i57»  6-6. 

Varieties  in  the  horticultural  department, B  4-2 1 

Directions  for  spraying  (See  Spraying  calendar) 

Effect  of  fertilizers  upon  time  of  maturing, B  2-28 ;  R  1-45 

Literature  relating  to  diseases  of R  17-34 

Pruning, B  66-17 

Red,  report  on  varieties, . . . .  B  2-21,  7-3,  lo-ii,  15-15,  21-10,  22-13,  26-11, 
37-17,  44-14,  52-10,  66-8,  73-8,  82-24  ;  R  1-38,  5-157,6-6,  11-18 

Varieties  in  the  horticultural  department, B  4-20 

Shaffer  seedling, B  52-11  ;  R  10-71 

Sulfate  vs.  muriate  ef  potash  for R  18-16  and  23 

Yellow,  report  on  varieties, B  2-22,  lo-i  i  ;  R  1-39 

Varieties  in  the  horticultural  department, B  4-21 

Raspberry  cane  blight, R  16-10 

Rations,  effect  of  narrow  and  wide,  on  milk  and  butter, R  9-100 

Raupenleim, B  44-26  ;  R  12-100 

Red  humped  apple  tree  caterpillar  {Oedefnasia  concinfia), B  28-17 

Red  spider  {Tctranychiis  telarhis), B  4-14  ;  R  17-1 13 

Red  spiders  and  mites,  treatment  of  greenhouse  plants  for B  96-11 

Red  spiders  on  rose  bushes, B  19-119 

Rennet,  conditions  affecting  strength  of B  11-3 

Resin  lime  mixture,  (See  Fungicides  and  insecticides) 

Rhopobota  vacciniatia,  (See  Vine  worm) 

Rhubarb,  sulfate  vs.  muriate  of  potash  for.  ..R  17-117  and  127,  18-16  and  23 

Rhytisina  acerifunn,  (See  Black  spot  of  maple) 

Rice,  literature  relating  to  diseases  of R  17-34 

Rice  meal  vs.  corn  meal  for  pigs, R  9-1 26 

Rice  vs.  wheat  for  egg  production, R  16-150,  17-120  and  155 

Rice  seeds,  effect  of  diastase  solutions  upon  germination  of  R  13-83 

Rose,  black  spot  of  {Piloboltis  crysiallinus), R  9-70 

Directions  for  spraying  (See  Spraying  calendar) 
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Literature  relating  to  diseases  of R  17-34 

Rose  bushes,  plant  lice  and  red  spiders  on B  19-1 19 

Rose  leaf  blight  {Actinonema  rosae), B  4-10,  6-13 

Rose  leaves,  bronzing  of R  1 1-156 

Rose  mildew  {Erysiphe  {Sphaerotheca)  pannosa), B  4-1 1 

Rot,  potato,  lime  for  prevention  of B  11-8 

Rowen,  nitrate  of  soda  for. . . .  R  13-120,  14-14  and  47,  15-106  and  147,  17-119 
and  149,  18-17  and  35. 
Yields  compared  on  "  Special  "  corn  fertilizer  and  fertilizer  richer 

in  potash, R  10-13,  ii"54i  12-23,  14-14  and  43,  15-105 

and  141. 

Yields  in  cooperative  soil  tests, R  5-154,  6-9,  13-106,  14-13  and  35 

Yields  on  manure  alone  and  manure  and  potash  compared,  ..R  lo-'.i, 

11-52,  12-21,  13-118,  14-14  and  42,  15-105  and  139. 
Yield  under  rotation  system  of  manuring,. .  R  8-145,  10-26,  1 1-76,  12-48, 
13-122,  14-14  and  46,  15-106  and  144,  16-113  a'^<^  '43i  17-118 
and  145,  18-17  ar'd  35. 

Rubber  plant,  leaf  spot  of  [Leptostromella  elastica), R  9-66 

Rubus,  new  species  of  the  genus B  52-12 

Ruminants,  digestion  experiments  with R  8-100,  9-158,  14-196,  18-225 

Russian  apples,  varieties  in  the  horticultural  department, B  4-18 

Russian  thistle, R  13-73 

Rust,  chrysanthemum  {Piiccinia  Tanaceti),!^  9-76,  10-65,  11-151,  12-59,  I4-S9 

Poplar  {Mela/npsora  populitia), B  21-22,  25-11 

Directions  for  spraying  for  (See  Spraying  calendar,  black  poplar) 

Results  of  spraying  for B  21-22,  25-12 

Treatment  of  greenhouse  plants  for B  96-12 

Rye,  cooperative  soil  tests  with  fertilizers, R  8-16 

Different  phosphates  compared  for R  8-15 1,  9-192 

Dried  blood  and  leather  refuse  for R  11-123 

Fertilizers  for B  58-11 

"  Mammoth  Spring  " R  5-152 

Results  of  experiments  with B  58-7 

Rye  meal,  suggestions  for  feeding  wheat  or R  8-73 

Rye  vs.  wheat  meal  for  pigs, R  8-7 1 

S 

Saccaline, R  8-13  and  37,  9-12  and  40,  10-35 

Saccharateof  copper,  (See  Fungicides  and  insecticides) 

Salmon  berry, B  52-12  ;  R  1 1-18 

Salsify  grown  under  the  influence  of  electricity, B  23-10 

Salt,  action  on  lime  resources  of  the  soil, R  9-220 

Salt  hay, B  50-3  ;  R  8-74,  10-77,  1 1-42 

Analysis  of B  50-15 

Digestibility  of R  8-74 

Effect  of,  on  flavor  of  milk  and  butter, B  50-28 
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Feeding  value  of B  50-3 

How  to  feed, R  8-77 

Milk  production  from B  50-19 

San  Josd  scale  {Aspidiotus perniciosiis)^  B  36-13,  86-3;  R  8-43,  10-102,  11-102, 
12-99,  13-85,  14-88,  15-46,  16-105  and  107,  17-111  and  113, 

18-151- 

Saw  fly  {Netirotoma  rujipes) , R  16-108 

Scenopinus  fenestralis^ R  5-149 

Seed  selection, R  18-135 

Seed  testing, R  8-49,  9-55,  17-10 

Seeds,  germination  of,  effect  of  atmospherical  electrical  potential  on .  R  16-33 

Influence  of  chemical  solutions  upon R  13-74 

Influence  of  soil  decoctions  on R  18-129 

Influence  of  sterilized  soil  on R  15-40,  18-126 

Septoria  cerasina,  (See  Cherry,  wild  black,  leaf  spot  of,  and  Plum,   leaf 

spot  of) 
Septoria  oc/iyolenca,  (See  Chestnut,  leaf  spot  of) 
Serradella  seeds,  effect  of  asparagin  solutions  on  germination  of  .  .  .R  13-78 

Seventeen-year  locust, R  13-86 

Shade  trees,  city,  difficulties  of R  1 1-163 

Physiological  diseases  of R  1 1-153 

Sheep,  digestion  experiments  with R  9-135,  13-50,  15-82,  19-63,  17- 

45,  18-74  and  79. 

Shield-bearer  {Aspidisca  splendo7'iferella), R  16-47 

Siberian  crab  apple  tree  as  a  stock  for  grafting, B  17-36 

Silage  and  beets,  comparative  value  for  milk  production, R  5-153 

Slag  meal,  (See  Phosphatic  slag) 

Sludge, R  1 2-1 2 1 

Agricultural  value  of R  13-67 

Analysis  of R  13-67 

Small  clover  leaf  beetle  {Pliytonoitnis  nigrirostris), R  1 1-103.  12-100 

Soil,  aeration  of R  18-1 24 

Soil  analyses,  notes  on R  16-99 

Soil  decoctions,  influence  of,  on  seed  germination R  18-129 

Soil,  effects  of  desiccation  on R  14  62 

Soil  sterilization,  (See  Sterilization  of  soil) 

Soil  tests  with  fertilizers,  cooperative. .  .  .13  9-3,  14-3,  18-51  ;  R  4-10,  5-153,  6-9, 
7-7,  8-14,  9-9  and  12,  10-9,  11-44,  12-10,  13-106,  14-34,  15-127, 
16-138,  17-133. 

With  cabbages, R  99  ''i"d  '3 

With  corn,.B  9-3, 14-3,  18-82  ;  R4-io,  5-153  and  154,  7-8,  8-15,  9-9  and  13, 
10-10,  11-44,  12-10,  15-105  and  128,  16-113  and  139,  17-117 
and  134. 

With  grass, R  5-154,  6-9,  13-106,  14-13  and  35 

With  grass  and  clover, R  7-7,  8-14,  16-141 ,  17-136 

With  millets, Iv  4-11,  7-12 

Witii  oats, B  18-76;   K  4-10,  5-154,  6-10,  1 1-49  and  50 
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With  onions, R  1 1-47,  12-16,  13-108,  14-14  and  39- 

With  potatoes, B  18-51  ;  R  5-153,  10-10,  15-105  and  133 

With  rye, R  8-16 

With  soy  beans, R  5-154,  9-9  and  15 

With  Swedish  turnips, K  9-9  and  15 

With  white  mustard, R  8-17 

Soiling  crops, B  39-14,  72-3 ;  R   14-169,  15-63 

Soils,  analyses  of  (See  Analyses,  soils) 

Soils,  instructions  regarding  sampling, B  65-1 1 ,  74-  10,  81-15,  89-13,  95-12. 

103-13- 

Sorghum, R  9-12  and  40,  18-75 

Soy  (soya,  soja)  beans,  67-16,18-101   and    103;  R  4-9,  5-152,  6-12,  8-13   and 
34,  18-76. 

Analysis  of B  18-101 

Compared  with  cow  peas  for  green  manuring, R  13-119 

Cooperative  soil  tests  with  fertilizers, R  5-154,  9-9  and  15 

Different  phosphates  compared  for R  9-163 

Different  potash  salts  compared  for R  12-29,  18-16  and  24 

Fertilizers  for B  58-12 

Growth  in  sterilized  and  unsterilized  soil, R  18-126 

Nitrogen  fertilizers  compared  for R  14-12  and  16,  16-111  and  1 14 

Report  on  varieties, R  7-13,  10-33 

Results  of  experiments  with B  58-9 

Sulfate  vs.  muriate  of  potash  for.R  12-28,  16-112  and  120,  18-16  and  23 
Winter  vs.  spring  applications  of  manure  for. . . .  R  16-113  and  147,  17- 
119  and  147. 

Yields  in  potash  experiments, R  18-27 

Soy  bean  fodder, R  1 7-68 

Soy  bean  meal  in  digestion  experiments, R  16-72  and  78,  17-73 

Soy  bean  meal  vs.  cotton  seed  meal  for  milch  cows, R  6-13 

Soy  beans  and  corn  as  forage  crops, B  72-8  ;  R  15-67 

"  Special  "  corn  fertilizer  vs.  fertilizer  richer  in  potash  : 

For  clover, R  9-2 1 

For  corn, ....  B  18-90  ;   R  4-10,  5-154,  6-10,  7-10,  8-12  and  29,  9-17,  10-12, 
11-54,  12-23,   13-114,    14-14   and  43,  15-105   and  141,   17-118 
and  140. 
For  grass  and  clover,  R  10-12,  11-54,  12-23,  14-14  and  43,  15-105  and  141 

For  hay,  mixed R  18-16  and  29 

For  millet, B  18-92  ;  R  5-154,  12-25 

Spinach,  different  nitrogen  fertilizers  compared  for R  11-69,  '2-38 

Fertilizers  for R  11-69,  12-38 

Sulfate  vs.  muriate  of  potash  for R  1 1-69,  12-38 

Summary  of  yield  of R  8-140 

Spittle  insects, B  12-9 

Spotted  paria,  (See  Strawberry  flea) 

Spraying, B  73-9,  82-22  ;  R  9-53 

Reports  on  B  17-18 
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Spraying  apparatus, B  17-44,  25-12,  29-5,  37-33)44-45  ^^^d  46,  52-15,60-3, 

73-12;   R  5-157,6-7,  8-48,9-54. 

Spraying  as  a  preventive  of  diseases, R  10-50 

Spraying  calendar, B  25-6,  29-8,  37-36,  44-46,  52-18,  60-10,  66-18,  73-14, 

80-14,  96-13- 
For  apple, 613-6,17-41,21-21,25-6,  29-8,37-36,  44-46,   52-18,60-10, 

66-18,  73-14,  80-14,  96-13. 

For  apricot, B  80-14,  96-13 

For  asparagus, B  80-14,  96-13 

For  bean, B  44-46,  52-18,  60-10,  66-18,  73-14,  80-14,  96-13 

For  black  poplar, B  21-23,  29-11,  37-40 

For  blackberry, , . . .  B  17-42,  25-10,  29-10,  37-38,  44-46,  52-18,  60-10, 66-18, 

73-14,  80-14,  96-13. 
For  cabbage, . . . .  B  44-46,  52-18,  60-10,  66-18,  73-14,  80-14,  96-13- 

For  carnation, B  80-14 

For  celery, B  29-11,  37-40,  66-18,  73-14,  8014,  96-13 

For  cherry,  . . . .  B  13-9,  25-9,  29-9,  37-38,  44-46,  52-18,  60-10,  66-18,  73-14, , 

S0-14,  96-13. 
For  currant, B  25-9,  29-10,   37-38,   44-46,   52-18,  60-10,  66-18,  73-14, 

80-14,  96-13. 

For  dewberry, B  44-46,  52-18,  60-10,  66-18,  73-14,  80-14,  96-14 

•  For  elm, B  37-40,  80-14,  96-14 

For  gooseberry, B  25-9,  44-46,  52-18, 60-10,  66-18,  73-14,  80-14,  96-14 

For  grape,  . . .  .B  13-9,  17-42,  21-17,  25-9,  29-9,  37-38,  44-46,  52-18,   60-10, 

66-18,  73-14,  80-14,  96-14. 

For  nectarine, B  44-46,  52-18,  60-10,  66-18,  73-14,  80-14,  96-14 

For  nursery  stock, B  44-46,  52-18,  60-10,  66-18,  73-14,  80-14,  96-14 

For  peach, B  13-8,  17-42,  21-18,  25-8,  29-9,  37-37,  44-46,  52-18,  60-10, 

66-18,  73-14,  80-14,  96-14. 
For  pear, B  13-8,  17-41,  21-19,  25-7,  29-8,  37-37,  44-46,  52-18,  60-10, 

66-18,  73-14,  80-14,  96-15- 
For  plum, B  13-8,  17-42,  21-19,  25-8,  29-9,  37-37,  44-46,52-18,  60-10, 

66-18,  73-14,  80-14,  96-14. 
For  potato,. . . .  B  7-12,  13-9,  17-43,  21-22,  25-10,  29-11,  37-39,  44-46,  52-18, 

60-10,  66-18,  73-14,  80-14,  96-15. 

For  quince, B  25-8,  44-46,  52-18,  60-10,  66-18,  73-14,  80-14,  96-15 

For  raspberry, B  17-42,  25-10,  29-10,  37-38,  44-46,  52-18,  60-10,  66-18, 

73-14,80-14,96-15. 

For  rose, B  80-14 

For  strawberry, B  13-9,  17-42,  25-10,  29-10,  37-39,  44-46,  52-18,  60-10, 

66-iS,  73-14,  80-14,  96-15- 

For  tomato, B  44-46,  52-18,  60-10,  66-iS,  73-14,  80-14,  96-15 

For  violet, B  80-14 

Spraying  linden  and  elm  trees  for  leaf  spot, R  15-35 

Spring  canker  worm  {Paleacrita  vernata)^ B  20-4,  28-3 

Spurry  {Spergiila  arvensis), R  9-41 

5quash,  different  nitrogen  fertilizers  compared  for R  10-25,  12-40 

Fertilizers  for R  10-25,  12-40 

Report  on  varieties, B  44-43 

Seed  tests,  B  44-35 

Sulfate  vs.  muriate  of  potash  for R  10-25,  12-40,  15-104  and  120 
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Squash  bug  {Aitasa  tristts), B  12-1 1 

Stable  for  cows,  warming, R  8-14  and  39 

Stable  for  dairy  cows,  care  of B  1 10-41 

Cleanliness  of B  1 10-43 

Light  and  air  in B  1 10-41 

Stables  for  milk  production,  light  and  ventilation  in B  i  ic-i  i 

Location,  plan  and  condition  of B  1 10-10 

Stalk  borer  {Gortyna  7iitchi), B  1 2-26 

Starch,  methods  for  determination  of R  10-76 

Steam  vs.  hot  water  for  greenhouses, B  4-3,  6-3,  8-3 

Stem  rots,  treatment  of  greenhouse  plants  for B  96-12 

Stem  rots  and  wilt  diseases, R  14-66 

Sterilization  of  soil, R  14-74,  15-38,  17-10 

Appliances  for liJL4:24)  15-38 

For  extermination  of  nematodes, B  55-44 

Influence  of,  on  seed  germination, R  18-126 

Methods  of R  14-79 

Sterilized  loam  and  subsoil,  comparison  of R  18-125 

Sterilized  soil,  growing  violets  in R  12-59 

Influence  of,  on  seed  germination, R  15-40 

Number  of  bacteria  in R  18-146 

Stock  foods,  condimental B  71-27,  85-29,  106-3 

Analyses  of B  71-28,  106-4 

Brands  and  manufacturers  of B  7 1-32 

Results  of  inspection, B  71-33,  106-12 

Resume  of  experiments  with B  106-18 

Strawbarry,  a  bacterial  disease  of R  9-59 

Cultural  methods, R  16-166 

Different  nitrogen  fertilizers  compared  for R  11-69,  12-36,  16-126 

Directions  for  spraying  (See  Spraying  calendar) 

Fertilizers  for R  11-69,  12-36,  16-126 

Field R  10-72 

In  hills, B  10-10 

Insect  pests  and  fungous  diseases  of  the B  15-12,  26-8 

New  varieties, R  10-72 

Report  on  varieties, B  2-24,  (i-(>^  10-8,  15-8,  21-4,  22-4,  26-3,  37-19, 

44-17,   52-12,  66-9,   73-8,82-24;  R  1-41,  5-157,  6-6,  7-18  and 
20,  I  £-18. 

Sulfate  vs.  muriate  of  potash  for R  11-69,  12-36,  15-104  and  120 

Under  field  culture, B  37-27 

Varieties  in  the  horticultural  department B  4-2 1 

Strawberry  aleyrodes  {Aleyrodes packardi), R  15-47;  Tech.B.  1-53 

Strawberry  experiments, R  16-155 

Strawberry  flea  (spotted  paria,  black  paria)  [Parta  aterriina),  .B  15-12,  21-9, 
22-9. 

Strawberry  leaf  blight, B  21-9,  22-9 

Strawberry-raspberry, B  52-12  ;  R  11-18 

Strawberry  root  rot, R  15-27  and  34 

Strawberry  rusts, B  15-12 

Strawberry  seedlings, R  10-72 
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Stumps,  reputed  method  of  destroying, R  10-37 

Sugar  beet,  sulfate  vs.  muriate  of  potash  for R  12-26 

Sugar  beet  refuse,  notes  on R  16-103 

Sulfate  of  ammonia  and  muriate  of  potash  used   together,   injurious 

effect  of R  1 0-26 

Sulfate  of  ammonia  as  a  source  of  nitrogen,  (See  Nitrogen   fertilizers 
compared) 

Sulfate  of  copper  for  plum  wart, B  1 1-19 

Sulfate  of  iron  (copperas),  (See  Fungicides  and  insecticides) 

Sulfate  of  iron  as  a  fertilizer, R  9-42,  10-27 

Sulfate  vs.  muriate  of  potash  (See  Potash,  sulfate  and  muriate  compared) 
Sulphur,  (See  Fungicides  and  insecticides) 

For  potato  scab, R  9-12  and  45 

Sun  scald, R  18-117 

Summary  of  meteorological  observations,  1889-1898, R  12-75 

Summer  forage  crops, B  39-13,  72-3  ;  R  14-169,  15-63 

Sweet  corn,  eastern  vs.  western  seed, B  7-8 

Effects  01  fertilizers  on R  9-200 

Fertilizers  for R  8-137,  9-200 

Sulfate  vs.  muriate  of  potash  for R  12-26 

Sweet  pea  diseases, R  15-28 

Swine,  digestion  experiments  with R  8-109,  9"i69,  14-213,  18-245 

Sycamore  or  buttonwood,  leaf  blight  of  [Gloeosporinm  nerviseqnum), 

R  10-68,  14-58,  15-27. 
Symmes'  hay  caps, R  9-12  and  45 


Tent  caterpillar,  apple  tree  [Clisiocantpa  americana)^  B    12-22,  19-121,  20-7  ; 
R  16-107. 

Forest  [Clisiocanfpa  disstria)^ B  12-24 

Paris  green  for B  19-12 1 

Tent  cloth  culture, R  15-36 

Testing  varieties, R  10-72 

Tetraiiyc/nis  telarius,  (See  Red  spider) 

Thomas  basic  phosphatic  slag,  (See  Phosphatic  slag) 

Thrips,  grass  {Anaphothrips  striata), B  67-3  ;  R  12-100 

Thrips  in  greenhouses,  treatment  for B  67-9,  96-12 

Thyreris  abbotii,  (See  Abbot  sphinx) 

Tile  experiments, R  12-10 

Timothy,  fertilizers  for B  58-1 1 

Timothy  and  clover,  sulfate  vs.  muriate  of  potash  for R  15-104  and  114 

Timothy  mixture  for  mowings, R  16-146 

Yield  of R  17-146 

Tischeria  malifoliella,  (See  Apple  leaf  miner) 

Tmetocera  ocellana,  (See  Bud  moth) 

'Yo'\6.,  l\.m.^x\Q.7ixv  {Bufo  lentiginoses  ame7-icaniis),\\?Cd\\.?,,  food  and  value  of 

B  46-3- 
Tobacco,  field  experiments  with B  47-3  ;  R  10-128 

Literature  relating  to  diseases  of R  17-34 
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Tobacco  cut  worm  (Carneades  inessoria), R  10-104 

Tomato,  directions  for  spraying  (See  Spraying  calendar) 

Downy  mildew  of  [P/iytop/ii/iora  itifestans), R  iS-i  15 

Effect  of  fertilizers  on R  9-198 

Fertilizers  for B  10-5  ;  R  S-139,  9-198,  11-71,  16-127 

Grown  under  the  influence  of  electricity, B  23-13 

Literature  relating  to  diseases  of R  17-34 

Pruning, B  105-10 

Report  on  varieties, B  7-6,  44-44 

Seed  tests, B  44-35 

Sulfate  vs.  muriate  of  potash  for R  11-71,  15-104  and  120 

Summary  of  yield  of R  8-140 

Under  glass, B  105-3 

Tomato  mildew  {CladosporiJim  fiihnun)^ R  9-75 

Tomato  rot, B  1 7-23 

Treasurer,  report  of . . . .  R  1-8,  2-10,  3-13,  4-14,  5-165,  6-15,  7-25,  8-6,  9-7,  10-7, 
1 1-7,  12-7,  13-8,  14-9,  15-7,  16-5,  17-5,  18-11. 

Tuberculin,  use  of,  in  diagnosis, B  27-14,  41-3 

Tuberculosis, B  3-3,  8-13,  41-3 

Animals  attacked  by B  3-4 

Distribution  of B  3-8 

History  of B  3-5 

In  college  herd, B  27-3 

Measures  necessary  to  avoid  contagion, B  3-19 

Tuberculosis,  bovine B  3-3,  8-13 

Danger  from  using  infected  milk, B  8-13 

Is  it  communicable  to  man  ? B  3-14 

Is  it  contagious? B  3-11 

Is  it  curable? B  3-19 

Is  it  hereditary  ? B  3-16 

Is  it  identical  with  human  tuberculosis? B  3-15 

Symptoms  of B  3-17 

Tuberculosis,  human 

Is  it  communicable  to  lower  animals  ? B  3-14 

Is  it  contagious? B  3-9 

Is  it  identical  with  bovine  tuberculosis  ? B  3-15 

Turnip,  different  nitrogen  fertilizers  compared  for . .  • R  1 1-75,  16-128 

Fertilizers  for. B  58-11  ;  R  11-75,  16-128 

Grown  under  the  influence  of  electricity, B  23-9  and  12 

Sulfate  vs.  muriate  of  potash  for R  11-75 

Variety  tests  with R  8-34 

Turnip,  (Swedish),  cooperative  soil  tests  with  fertilizers, R  9-9  and  15 

Different  phosphates  compared  for R  10-15 

Results  of  experiments  with B  58-8 

Tussock  moths, B  20-13 

V 

Vegetable  pathologists,  report  of R  2-5 

Vegetable  seeds,  variety  tests, B  44-27 


Vegetable- vs.  animal  food  for  hens, R  8-40 

Vegetables,  number  of  varieties  tested, R  8-4^ 

Vertniciilaria  trtchella, R  16-10 

Vetch,  spring R  6-12 

Winter  (sand)  ( Vicia  safiva), R  10-36,  18-76 

Vetch,  winter,  and  wheat  as  forage  crops, B  72-5  ;  R  14-169,  15-63 

Digestibility  of R  15-66 

Vetch  seed,  effect  of  asparagin  solutions  on  germination  of R  13-77 

Vicia.  faba,  (See  Horse  bean) 

Vine  worm  {Rhopobota  vacciniana), B  19-135 

Violet,  directions  for  spraying  (See  Spraying  calendar) 

Violets  in  sterilized  soil, R  12-59 

w 

Walnut  leaf  blight  [Gloeosporium  Juglandis), R  1 1-146 

Wart  of  plum  {Plowrightia  [Sphoeria)  morbosa),  (See  Plum  wart) 

Water  analysis, R  8-57 

Water,  examination  of  ..R  8-57,  9-89,  10-75,  11-21,  12-104,   13-11,  14-150,  15-50, 
16-39,  17-38,  18-66. 

Instructions  for  sampling  and  sending, R  8-59 

Waters  tested,  character  of R  8-58 

Weather  conditions  as  affecting  crops, R  17-7 

Weed  collection, R  8-10 

Weevil,  bean  {Brttchus  obsoletus)^ B  12-14 

Pea  [Briichus  pisi), B  12-13 

Whale  oil  soap,  (See  Fungicides  and  insecticides) 

Wheat,  different  potash  salts  compared  for R  14-13  and  30 

Wheat  and  vetch,  digestibility  of R  15-66 

Wheat  and  winter  (sand)  vetch  as  forage  crops, B  72-5  ;  R  14-169,  15-63 

Wheat  bran, R  18-73  and  94 

Wheat  bran  vs.  corn  silage  as  a  distributor, R  18-99 

Wheat  or  rye  meal,  suggestions  for  feeding, R  8-73 

Wheat  vs.  rye  meal  for  pigs, R  '".-7 1 

Wheats,  report  on B  18100 

White  mustard, R  4-9,  8-12  and  17 

Cooperative  soil  tests  with  fertilizers, R  8-17 

For  green  manuring  in  corn  culture,  ..R  6-10,  8-12  and  31,  9-10  and  20 
White  fly  (Aleyrodes), R    13-87,   15-47,   17-113;  Tech.  B.  1-5 

Treatment  of  greenhouse  plants  for B  96-12 

Willow  borer  {Cryptor/iynchus  lapathi), R  16-108 

Winter-killing  of  plants, R  16-11,  17-8,  1S-119 

Wood  ashes,  analyses  of  (See  Analyses  of  ashes) 

Notes  on  R  10-121,  11-117,  12-120,  13-65,  14-106,  15-24,  16-100,  17-105,  18-62 

Woodlot,  a  farm B  97-3 

Wool  washings  as  a  source  of  fertilizer,  notes  on R  10-126 


Young  stock,  grain  mixtures  for   r B  108-48 


^^ 


